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FILE: AVLv' F7oR Al vm7/sr CMS 4-8602 (02/02/88) -- THE PENNSYLVANIA STAT

STIXXYXJOB
[,-P,-)O00 [,10000

IXEC F(,f4=iFBPiJ4

D~t' S":U. 119500.MYH100.HERMES.CONV.SOLU.VIS
DI Vr -RE, P-rSTJ.1950. MY1O0. L IB,DI SP=(OLD, DELETE).

FSU 5IU. 119500. MY1IOO. HERMES. CONV. LINE. VIS
TDDi VOl -7RFF-STU.I195O0.MYHI00.L'IB,DISP-=(OLD,DELETE),

DSN =STl".I19500.MYH100.HERMES.CONV.MASS.VIS
EXEC FVCG,PARM.SOURCE='0PT(3)'

CSSIN DO 1

PIROGRAM NAME: AX12DV.FOR
C AX[SYMIMETRIC TRANSONIC NOZZLE FLOW~

IN CENEPAL COORDINATE SYSTEM
C+ USING TIME ITERATIVE CD/'CD SCHEME*
c VIITH THIN-LAYER APPROXIMATED NAVIER-STOIKE'S EQ. *

C MAIN PROGRAM

IMPF-ICIT REAL*8(A-H,O-Z)
FPRAMETER (IZ=150,JZ=100)
COMMO.t (-N 'VECTOR/DQ( 12, JZ, 4), Q( IZ, JZ, 4), F( IZ, -Z, 4) ,G( 2, JZ, 4),

P( IZ,JZ) ,U( IZ,JZ),V(IZ,JZ) ,UN(IZ,JZ) ,VN( IZ,JZ)
Cor4P4ION,/COORD/SATX( IZ,JZ) ,SAIY(IZ,JZ),ETAX(IZ",JZ),ETAY( IZ,JZ)

,RJ(TZ,JZ) ,X( IZ,JZ),Y( IZ,JZ) ,DELTAU( IZ,JZ)
- ZMUT(IZ,JZ)
>,AREA(IZ) ,ZMU(IZ,JZ),Al(IZ,JZ),A2(IZ,JZ),A3(IZ,JZ),A4(IZ,JZ)
COMMON /CONST/AIN, ATH, RL, EXI ,EYI ,OMEGAX, OMEGAY, CFL, THETA, P0, TO,

PRNT,PB,RM1,SUM(4),ZMUO,REN,PRN,TWALL,TREF,COND
QCMN '/CONST1/CP(IZ,JZ) ,CV(IZ,JZ),GAMMA(IZ,JZ),GMl(IZ,JZ),RGAS

rCONMON,/ INTEG,/IL,JL,IL1,JL1,NEND,NBEG,NADV,ITIME,ISUP,IVISC,IWIALL
DINENSION RHO(IZ,JZ),RHOUJ(IZ,JZ),RHOV(IZ,JZ) ,E(IZ,JZ)
E QT ITT"'AL ENtICE ( Q (1, 1.1 ) , RHO0(1 , I) ) , ( Q (1, 1, 2) , R HOU ( 1, 1))

CAIJL FRRSET(208,?%-,,-1,0,O,0)
CALL INITIA
DO 10 NADV=NBEG,NEND
WPlTF(6,*) NADV
CALLr SOLVE
GAIL1 CHECK

1 0 CONT I NUE
CALL, MASS
CALL(f:'U
STOP
END

Cr SET THF INITIAL CONDITION

SUBROUTINE INITIA

IMPLIICIT REAL*8(A-H,O-Z)

3



FILE: AXT'?DV FOR A! VMI/SP CMS 4-8602 (021027,88) -- THE PENTIFPYLVANIA STATl

PAR'AMETER (IZ=z150,jZ 1O0)
COMNVEC-TOR/PQ ( I1Z, JZ, 4), Q ( I Z, JZ, 4) , F ( 12Z, JZ, 4) , G ( I Z, JZ, 4),

P(IZ,JZ),U(IZ,JZ),V(IZ,JZ),UN(IZ,JZ),VNi(IZ,JZ)
CO(MMON C(OO-RD)/SAlX(IZ,JZ),SAIY(12,JZ),FTAX(IZ,JZ),FTAY(I7,JZ)

RJ (12,JZ) ,X(I72,,JZ) ,Y( 2, JZ) ,DEITAT-J(12, JZ)
.'MIJT ( 12 ZTZ)

,AREA(I2),ZMU(IZ,JZ),AI(IZ,JZ),A2(IZ,JTZ),A3(IZ,JZ),A4(IZ,JZ)
UOMWUN; t~'NT'I, ATH, P, EXI, EYI, OMEGAX ,OMEGAYCFL, THETA, P0O,(,

PRNT ,PB, RM1, SJM (4) ,ZMUO ,REN ,PRN , TWALL-, TREE, COND
CO'MMON,,'CO)NST1/CP(IZ,,jZ),CV(IZ,JZ),GAMMA(IZ,JZ),GM1(IZ,JZ),RG',S
COMMONI'I NTEG//'I T, JL, I T I, JT, 1, NEND, NBEG, NADV, I T IME , I SUP , IV I SC, I wALL

COMNON'PCO-FFx/ CPAl ,CPA2,, CPA3 ,CPA4, CPA5, CPA6, CPA7
,CPA8,CPA9,CPAI0,ENE(I101)

DIMENSION RHO(IZ,JZ),RHO(IZ,JZ),RHOV(IZ,JZ),E(1Z,,JZ)
EQ'TVALENCE (Q(L, 1, 1) ,RHO(1, 1)), (Q(l, 1,2) ,RHOU( '1,1)),

DIMENSION S5(3500,4)
NAMELIST/INPUT/IL,JL,NEFND,PO,TO,CFL,OMEGAX,OMEGAY,R4I,AIN,F~sT:,
'ITRR,ATHI,RL,THETA,CPO,GAMMAO,NBEG,ITIMF,ISUP,IVISC,IWALL,,RM2 '

IREAD,PRN,REN,TREF,ZMUO,TWALL,FSTY,PB,PRNIT,COND
.. SS;P =0 FOR PURE SUBSONIC FLOW

c 1 FOR TRANSONIC FLOW
C 3 FOR PURE SUPERSONIC FLOW
c .. . NOT SUITABLE FOR PURE SUPERSONIC FLOW CALCULATInt
C. ... TPP = ACK PRESSURE FOR TSUP770

C **READ INPUT DATA
READ(5, INPUT)
WPIT'T'E( 22, INPUT)

C, 1E1FI GEOMETRY

C'AL I, CPCOEF
C W4PJ7T(6,*) CPAI1, (.PA/-, CPA3, CPA4, CPA5, CPA6,,CPA7, CPAP,C(PAO, C'PA1O

-IjVYAPC(S (-1. .DO)
C1- (AIN-ATH) /2.
C2c (AIN4-ATH)/2.
Do 10 =I1, IC

T(SUP. EQ. 3)THEN
AREA (I ) =ATN+(ATH-AI N) *DFTOAT(I -I),/DFL0AT( ILI)

C AREA( I )(Cl*DCOS(DFLOT,.F( I -1) *2. *P/'D)FT,AT(ILI))+(2) *0.
APR - ATH/A IN
XX Th[FLO(-AT(T1-1)7DFLOAT( ILI) *RL

C] ARFA(I)=-2.O*(ARR-1. )*XX**3+3.0*(ARR-1 .)*XX*4241.0
AREA(I)=(ARR-1.)-(XX4 *2-~4.*XX+4.)*XX**2* 1.0
ENDT IF

10 CONTINUE
I F( I READ. EQ. 2 ) THEN

P() 1R. TI , IL

4



F ILtF< AX! ?2DV FOR Al VM/SP CMS 4-8602 (02/027/88) -- THE PENNSYLVANIA STAT

DCI' I0 F~ ,

Do) 20 1=c1 J1,
IF( i REA D. Eo. 2 )THEN
X( I, J)=X( 1,1.)
ELSE
X( T ,I 9) =TDFf,[AT( 1-i )/DFf-ATU( IT_' ) *RL
ENI TF

20 Y( 1, J) DFLOAT( l-l)/'DFLOAT(JLl)*IAREA( I
IF(ESST.NE.O.DO.AND. ISUP.EQ.3)THEN

DO 15 I=l, IL

AREA( I )=AIN XU RL*,(ATH-~ATN)
DC, 15 j=I,JL
X(T,.T)=XL
YC(l T)=DFLOAT(J1)/DF'[,()AT(JLI)*APEA(l)

15 C(!NIiV INITE
ELS FE
ENDI F

S-TRET(CH THE GRID ALONG Y-IDIRECETION IN VISCOUS CASE
IF( iV7ISC.EQ'. .AND.FSTY.NEF.0.DO)THEN

!_X) 17 I=l, IL
Y( I, l):=.
DAO-:(1.-FSTY)/(1.-FS'TY**JLl)*AREA(I)

Do 17 J=2,,JL
Y (I, J)=Y( I, 5-1) +DAO*FSTY** (J-2)

17 ('(_)T I NlE
E LS E
END i F

C - READ GRID FROM DATA FILE
IF( IREAD.EQ2. )THEN
Du 25 I:=1, IL
DO 25 J=1,JL
READ(38) II, JJ,X( I,J),Y( I,J)

25) CONTINUE
ELSE
EN D I F
ATEU --Y( 1, JL)
DO 125 I=2,IL
F (Y ( I , JL) . LT. ATH) THEN
ATH=Y ( I, J I)
X'TH=X( I, JL)

E 1, ",
ENDI T

12'-) CONT I NIJE
C (OOPD!NATE TRANSFORMATION

EXD-J .0
EYTil .0
DO 30 I=].,IL
IPIrI ~l
IMI -I-1
TF( T.EQ. 1) IM1=1
IF(I. EQ. IL) IPl=IL
t)SAI=2. *EXI

5



FILE: AXI2DV FOR Al VM/SP CMS 4-8602 (02/02/88) -- THE PENNSYLVANIA STA-,

iF(I. EQ.1. OR. I. EQ. IL)DSAI=EXI
DO 30 J=1,,jL
,I IF - ,1T4 1

IF(3.EQ. l)JMl=l
IF(,T. EQ. JL)JPl=JL
DETA=2. *EYI
IF(J.Eq .1. OR. J.EQ. JL)DETA=rEYl
XSAI-(X(IPl,J)-X(IM,J))//DSAI
YSAI-(Y(IPl,J)-Y(IMl,J)),/DSAI
XETAM(X(I,JP1)-X(I,JII))//DETA

IF(J.EQ. l)THEN
XETA=XETA-O.5* (X( I,J) -2. *X( I, J+1) -X( I,J+2))
YETA=YETA-O. 5* (Y( I,J) -2 .*Y( I, J-1-)+Y(I,J1+2))
ELSE
END IF
IF(J.EQ.JL) THEN
XFTA=(3 . DOX( I,JL) -4. DO*X( I, JL-l) XI, JL-2) )*0. 5D0
YFTA=(3.DO*Y(I,JL)-4.DO*Y(I,JL-1)+Y(I,JL-2))kO.5DO
ELSE
ENT)I F

PIP=XSAI *YETA-XETA*YSAI

SAI X(I,J)=YETA/RJP
SliY( I,3.)=-XETA/RJP
ETAX( I, J)=-YSAI/'RJP

30 ETAY(I,J)=XSAi/prJ
C* INITIALIZATION

RGAS=83l4. 3/20.405
R-RGAS
DO 991 I=l,IL
DO 991 J=l,JL
TTT=3061. iDO
CALL CPGAM(CP(I,J),CV(I,J),GAMMA(I,J)Gv1(I,J) ,RGAS, I,J,
>RHO( I,J),RHOU(I,J),RHOV(I,J),E(I,J) ,TTT)

991 CONTINUE
C* GIVE THE INITIAL VALUE OF VISCOSTY
C TIN=TO (1. +0. 5*GM1O*RM1*1*2)
C UTN=RM1*DSQRT(GAMMAO*R*TIN)
C PIN=PO*(TIN/T0)**(GAMMA0/GM1O)
C RI.N--PIN/(R*TIN)
C ZMUO=(RIN*UIN*AREA(1)*2. )/REN
C* CALCUJLATE METRIC TERMS AT MID POINTS

CALL, MCONST
C *; SKIP TO RERUN THE CODE

IF(NBEG.14E.1)GOTO 300
RM=Q. 04
DO 50 I=1,IL

C ft IF(TSUP.EQ.O)THEN
C#t RMTH=RM2
Ct# RM-=RM14X(I,1)/RL*2.*(RMTH-RMI.)

IF(X( I,1) .GT.(0. 5*RL) )RM=RMTH-( X( I,1) -0. 5*RL)//RL*2.
r,# *(RMTH..RM1)



E~h~.~~ 7 FO-R Al VM/SP CMS 4-8602 (02/02/88) -- THE PENNSYLVNI STA'

C4# F'<P,1
C# RiM:R1+DFLAT(-1)/DFLOAT(IL1)*(RM2-RMl)

V L t SENMA ( T, ATH, XTH, RM)
T.--T,.2'L -0, 5*GMT(I, 1) *RM**2)

UTJ-J-1_R*DSQPT(GANNIA(I, 1)+R-kTS)

D)" '-- J--]i,
IF( I EQ. l.OR. I.EQ. IL)THEN

[F .E.1+)LP((1, J)-Y( I- 1) ),)) /(X( I , J)-X( I , J)

D-\l )M-DSQRT (I.+SLOPE*SI;OPE)
SJ 1-I) =UfJ,'FENOM

V7(T J[)=UU*SLOPE/DENOM

,l I(, I) ETAX(I,J)*U(I,J)+ETAY(I,J)*V(I,J)

LF,'J.EQ. JL)THEN

U (> j) UU;O-ENOM
V ( T ) =-FTAX ( I, .1) /ETAY ( I, J) *U( 1, J)

END I F

tNr- SLPINITIAL CONDITION
TF-(IIVISC.EQ.l)THEN

D() 60 I:i L-I
U ( I ,JL) =0.
V( I,JL)=0.

(7j C HT I NE
ELSE
ENDI F
EICGMAXO .0
DO 80 I1, IL,
D,,' a0 J=l1, JL
TS-'T0O(U(I,,J)**2+V(I,J)**2)/CP(I,J)*0.5
PS2P0/(TO/TS)**(GAMMA(I,J)/GM1(I,J))
I F( 0 . EQ. JL. AND. IVISC .EQ. 1)THEN

IF(IWALL* EQ. 3)TS=TWALL
E'=P ( I, J- 1)
S E

* ENIDI F
Rl( 0:-P S/'R/TS
PHo( I,J)=RHO0
RHOIJ( I,J)=RHO( I, J)*J( I, J)
P.HOV( I,J)=RHO(I, 3) V( I,T)

E(I,J)=RH0(I,J)*(CV(T,J)*TS+0.5*(U(I,J)**2+V7(I,JT)**2))
30 P(I,J)=PS

DO 90 I=1,IL
Do' 90 J -z1,JT
CO-DFSQRT(GAMMA(1, J)*P( I, J)/RHO( I, J))

7
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ZM-DSQRT(U(I,J)**2+V(I,J)**2)/CO
lF(COND.GT.O.O.AND.ZM.LT. 1.0) COTO 210
CX-D)SQRT( SAIX(1,J) **2+SAIY( I,J) **2)
C-PSl-cQRT( ETAX( IJ)**2+F'rAY(I,J)**2)
CX- (T N (1,3) CX*CO )/EXI
CY'-(VN(I,J)+CY*'CO)/EYI

C FMGNN=CX
C IF(DABS(CY) .GT.EIGNN)E1GNN=DABS(CY)

EIGNN=DSQRT(CX**24CY*k-2)
IF(ITIME.EQ.l)rCO TO 85
IF (CX.GE.EICMAX)EIGMAX CX
lF(CY.GT.FIGMAX)ETGMAX=CY

R5 DFLTAJ( I, J)=CFL/E1GNN

GOTO 90
210 CONTINUE

C ZM=DSQRT((U(I,J)**2+V(I,,j)**2)/C(I,J)**2)
SX=UNI(I,J)**2*(1.DO-ZM*9"2)**2+4.DO*(U(I,J)**2#V(I,J)**2)
- (SAlX(I,,J)**2+SAIY(I,J)***2)
SY V ( , ) -2 I D -M * ) * + . O ( ( , ) * ,V I ,) -2
*(ETAX(I,J)**2+ETAY( I,J)**2)

FIGVX=0.5D0*(UN(I,J)*(1.DO+ZM**2)+DSQRT(SX))
E IGVY . 5D0*( VN (I, J)*(1. DO+ZM* *2 )+DSQRT (SY))
DELTAU(I,J)=CFL,/DSQPT(EIGVX**2+EIG'VY**2)

90 CONTINUE
IF( lTIME.EQ. 1)RETURN
DO) 100 I-i, IL
DO 100 J=1,JL

100 DFL TAU( I, J )CFL/EIGMAX
RETUPN

300 CO)NTINUE
-310 READ(19,'72O,END-=1OO0)NDUM,(SS(NDUM,K),1~,4)

GOTO 310
1000 CONTINUJE

REWIND 19
NBEG,--DUM+ 1
NEND=NBEGfNITER- 1
DO 320 N=l,NDUM

320 WPTTE(19,720)N, (SS(N,IK),K=l,4)
720 FOPMAT(15,3X,4(1X",E14.7))

DO 330 I=1,IL
Do 330 J=1,JL
READ(66) (Q( I,J,K) ,K=l 4) ,DELTAU( I,J)
TCP=O.DO
CALL CPGAM(CP(I,J),CV(I,J),CAMMI(I,J),GM1(I,J),RGAS, I,,,
PHO( I,J),RHOU( 1,3) ,RHOV(1,3) ,E(1,3) ,TCP)

VJ( I, J) =RHOU ( I , J) /RHO ( I 3)

'iN( T ,J)=U( I,J)*SAIX( I, J)4V( I,J)*SAIY( I ,J)
VNl( , J)-U( I, J)*ETAX( I,3) +V( I, J)*ETAY( I, 3)

330 CONTI MUE
REWIND 66
RETURN

8
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5; iF;[ROUT tNF fSEIIMA(I, ATH, XTH, RM)

!1£T-TI2IT RELL*8(!-H,O-Z)

.:>m >N OORDSAIX( IZ j7) ,SAIY(IZ,,JZ) ,FTAX(IZ,,JZ) ,ETitY(IZ,JZ)

7IJ T '2 Z2

,AREFA(T12>ZMUT( Z,JZ),Al(IZ,JZ),A2(12,JZ),A3(IZ,JZ),A4(IZ,J-)
~iPMO,'NTEG/iL,jL,ILl,JLl,NEND,NbEG,NADV,ITIME,lSUP,TVSC,WALI,

(?(-4O COS C(ITZ, T7),CV( IZ, JZ)GAMMA(IZ, JZ) GM I Z, JZ). RGAS

AR OXY' .JL),/ATH)**2

RM<-RM*0 95
F(X'( I L).GT.X.:<H)THEN

I*~ =CA£F!A I , 'L) +lI. 0
*)A-PI/( 2 0-2.0*IGAMMA(I,JL)

GFQF~rhDSQPTr( GAMMA(I,JL))
I.PiT MGSRT*r(GPI /2. 0) *GEXP

FCV!ZM*4GSy)RT*.(I.0+0.5--GMl(I, JL)*ZM*ZM)**GEXP
FIr CNUM/FOI

FrIZM* Ci -E0RT* (1.0±0. 5k'Ml(I, JL) *ZM*ZM) **GEXP

I10 RPf1-PNI RN;2PMl)(ARRF )/(F2-F1)
ZM= PM£3
Eni ZN+GSQRT* (1.0+0. 5*G'Ml (I,JL) *ZM*ZM) *-CEXP

E,PFl. LAB-'API\R-F3)
IF(EPRP.LT.l.OD-4) GO TO 20
RNI RPM2
Fl ILF 2
PM? PN

G(,) -'1r .0
20 P!N-PM[3

WRITE(E;,*) 1,APR,RM
RETTI P1
E ND

STTPPWIJTINE SOLVE

C O£F SUPPOUTINE

IMF'lICIT PEAL*B(A-H,0-Z)
PARAMETER (TZ=l50,JZ=100)
rY)M,/VEC-T0R/)Q ( I Z, 42, 4), (,, JZ, 4), F ( T Z, JZ, 4), G(I IZ, JZ, 4),

P( IZ,JZ) ,U( IZ,JZ) ,V( IZ,JZ) ,UN( IZ.JZ' ,VN( IZ, JZ)
COMN()N/COORD/SA TX( I1Z, 7) , SA TY( I1Z, JZ) , ETAX ( I1Z, 7) , ETAY ( 1Z, JZ)

9
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,(T7, T7),X(TZ,JZ),Y(IZ,J),DFf,TAU(IZ,J)
, ZMtJF( IZ, Z)
, TFKEA( IZ),ZMU(IZ,JZ),Al(IZ,JZ),A2(IZ,JZ),A3(IZ,JZ),A4(IZ,JZ)

'Wc)MC~ll 'CONST//AIN, ATH, RL, EXT , EYI , OMEGAX, OMEGAY, CEL, THETA, P0, TO,
PRNT, PB, RMl, SUM( 4), ZMUO, REN, PRN, TWAL.L, TREF, CONlD

701M~' 'N 'CONSTl /CP( IZ, JZ), C%7(IZ, JZ), GAMMA( IZ, JZ) GMl(IZ,JZ),RGA
P)MVN INTEGFC/IL,JL,IL,JL,NEND,NBEG,NADV,ITIME,ISUP,IVISC,IALL

DIMENSION RIIO(IZ,JTZ) ,RHOU(IZ,JZ),RH0V(IZ,JZ),E(IZ,JZ)
FJ;III7 TVA iFNCP2( ( 1, 1,1), RHO (1, 1)) (1, 1, 2), RHOU (1, 1))

lF(V'.-iSC.EQ.1)CALL MULAM
F ( 111T41F. -,.DO) CALL MTTR

C-ALIL PHS
IF(TVISC.EQ.1)CALL VPHS

.1-U'LP/TE RESIDUAL..
'' 40 1 1,L,

4c 4

.,~ tPFCION4TH ORDER ARTIFICIAL VISCOSITY

H CYF2,;_'-AX. ME. ODO )CALF ADDX

-' 'FA-i'R -TON 4TH ORDER ARTIFICIAL VISCOSITY

7, -,FAY. NE.0. ODO)CALF, ADDY

<,VFT iC7A T- 0P FR A T0R

JEND- JL
IF(IVT1SC.EQ 1) JEND=JL1
DO 50 3=2, lEND

~' CALF, COEFX( J)

'> ,FT7'- PPATOR

I F I J P., EQ. 1 .OR .I SU P .E 3) 1E ND I L
F)o 5 5 T=2, IEND
C ALF, C0 F F Y( I)

l~iJPPATTNCI VARIABLES

Eli (ImAXO 0

I F( I SUP. EQ. 3) IBEG=2
DO 70 I=IBEG, IF.
Do '70 J=2,,JEND

.J.J- R.J( IJ) /Y( I , J)
DO 60 K14

TrP- . DO

10
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CALL CPGAM(CP(IIJ),CV(IIJ),GAMMA(I,J),0M1(I,J),RGAS, I,J,
RHO( I,J) ,RHOU(I,J),RHOV( I,J),E(I,J),TCP)

V( I, J)RHOU( I,J)/RHO(I,J)

VN(T J )=U( IJ)*EAX(I, J) +V( I,J)*ETAY( I,J)

CO=DSQRT(GAMMA(I,J)*P(I,J)/RH0(I,J))
ZMzDSQRT(IJ( IJ)**2+V( I, J)**2 )/CO
IF(COND.GT.0.O.AND.ZM.LT. 1.0) GOTO 210
cX=DSQRT( SAIX( I, J)*SAIX( I, J) 4SAIY( I, J)*SAIY( I, J)
CY:1DSQRT (ETAX( I,J) *ETAX (I, J) +ETAY( I,J) *ETAY( I,J))
CX-IIJN,( I, J) 4CX*CO)/EX I
CW-7(VN( I,J)+CY*CO)/EYI

C El0NN=DABS(CX)
c IF(DABS(CY).GT.EIGNN) EIGNN=DABS(CY)

EirGNN=DSQRT(CX**2+CY**2)
I E(ETONIN. GT. EIGMAX)EIGMAX=EIGNN
DELTAU(I,J)=ITIMEkCF/IGNN+4(l-ITIME)*DELTAU(I,J)
GOTO 70

210 CONTINUE
SXAJN~( I, J) **2*(1. DO-ZM**2 )**2+4.DO* (U( I, J)**2+V( I.J) **2)

( SALX( I,J) **2+SAIY( I,J*2
SY,.-:VNl(I,J)**2*(2.D0-ZM**2)**2+4.DO*(U(I,J)**2+V(I,J)**2)

(ETAX( I, J )**2+ETAY( I, J) **2)
EIG;VXrO. $DO* (UN( I, J)* (1. D0ZM**2 )+DSQRT( SX))
EIGVY=0.5D0*(VN(I,J)*(1.DO+ZM**2)+DSQRT(SY))
DELTAUJ(IJ)=CFL/DSQRT(EIGVX**2+EIGVY**2)

70 CONTITNUE

C 'k CENTERLINE BOUNDARY CONDITIONS
CALL CLBC
IF(IVISC.EQ.1)CALL WALLBC
PFET1RN
END

C* SUBROUTINE FOR CALCULATING METRIC TERMS
C* AT THE MIDPOINT

SU.BROUTTNE MCONST

IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZ=150,JZ=100)
COMMON/VECTOR/DQ(IZ,JZ,4),Q(IZ,JZ,4),F(IZ,JZ,4),G( IZ,JZ,4),

P( IZ.JZ) ,U(TZ.,JZ) ,V(IZ,JZ) ,UN(IZ,JZ) ,VN( IZ,JZ)
(OMMON,/COORD/SAIX(IZ.JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,,JZ)

,RJ(IZ,JZ),X(IZ,JZ),Y( IZ,JZ),DELTAU( IZ,JZ)

,ZMUT(IZJZ) Z,3IZA4ZJ)
'AREA( IZ) ,ZMU(IZ,JZ),A1(IZ,JZ),A2(IZ,JZA(ZJ),4IZ

CoMMON/CONST/AIN,ATI, RL, EXI ,EYI ,OMEGAX,OMEGAY,CFL,THETA, PO,TO,
PRNIT,PB,RM1,SUM(4),ZMUO,REN,PRN1,TWALL,TREF,COND

CON4MON/CONST1/CP(IZ,JZ),CV(IZ,JZ),GAMM'A(IZ,JZ),GM1(Iz,jz),RGAS
CO)MMON/INTEG/IL,JL,ILI,JL1,NEND,NBEG,NADV,ITIMEISUP,IVISC,IWALL
DIMENSION RHO(IZ,JZ) ,RHOU(IZ,JZ),RHOV(IZ,JZ),E(IZJZ)
EyUJIVALENCE(Q(1,1,1),RHO(l,1)),(Q(1,1,2),RHOU(1,1)),

(Q( ,1, ),R OV( ,1 ),( (1, ,4)E~l l)
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DAT1A FD3,0D3/1.333333333333,O.333333333333/
Do 20 I=2,IL
DO 20 J=l,JLl
IF( I.EQ. IL)THEN

ELSE

XSAI=0. 25* (X( 1+1, J4-l) 141, J)-X( I-i, J+l)-X( I-i,J))
END IF

XETA=X( I, J+l)-X(I,J)
RJJ=T ./'(XSAI*YETA-XETA*YSAI)
Al(I,J)=RJJ*(FD3*YSAI**2+XSAI**2)
A2 (I,, 7 )-RJJ*OD3*XSAI*YSAI
A3 (I,.J )=RJJ* (YSAI**2+FD3*XSAI**2)
A4(I,J)=RJJ*(XSAI**2±YSAI**2)

20 CONTINUE
RE TURN
END

C----------------------------------------------------------------------
SUBROUTINE SMOOTH

C+k

C* ADD ARTIFICIAL DISSIPATIONAL TERM FOR SAI,ETA-DIRECTION

C** *** ** **********************************************

IMPLICIT REAL*8(A-H,O-Z)
PARAM4ETER (lZ=15O, JZ=100)
COMMON,/VECTOR/DQ( IZ, JZ, 4) ,Q( IZ, JZ, 4), F( IZ, JZ, 4) ,G( IZ, JZ, 4),

P(IZ,JZ) ,U(TZ,JZ),V(IZ,JZ) ,UN(IZ,JZ) ,VN(IZ,JZ)
COMMON/COORD/SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,JZ)

N ,RJ(IZ,JZ) ,X(IZ,JZ),Y( IZ,JZ) ,DELTAU(IZ,JZ)
,ZMUT(IZ,JZ)

> AREA, iZ) ,ZMU(IZ,jZ),A1(!Z,JZ),A2(IZ,JZ) ,A3(IZ,JZ),A4(IZ,JZ)
COMMON/CONST/AIN, ATH, RL, EXI, EYI ,OMEGAX, OMEGAY, eEL, THETA, P0,TO,
>PRNT, PB, RMl, SUM( 4), ZMUO, REN, PRN, TWALL, TREE, COND

COMMON/CONSTl/CP(IZ,JZ),CV(IZ,JZ),GAMMA(IZ,JZ),GMl(IZ,JZ),RGAS
COMMON/INTEG/IL,JL,ILI,JL1,NEND,NBEG,NADV,ITIME,ISUP,IVISC,IWALL
DIMENSION RHO(IZ,JZ ,RHOU(IZ,JZ),RHOV(IZ,JZ),E(IZ,JZ)
EQIJIVALENCE(Q( 1, 1,1) ,RHO(l,1) ), (Q( 1,1, 2) ,RHOU( 1, 1)),

DIMENSION ADD(4)
DIMENSION PRE(4,4),PADD(4)

C SAI-DIRECTION
ENTRY ADDX
COF:F=O.125D0*OMEGAX
DO 70 J=I,,JL
DO 70 I=1,IL
IF(I.EQ.1) GO TO 10
IF(I.EQ.2) GO TO 20
IF(I.EQ. ILl) GO TO 30
IE(I.EQ.IL) GO TO 40
DO 5 K=1,4

12
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5 ADD(K)=C)OEFI(Q( I+2,J,K)-4. *Q(I+l,J,IK)

+Q ( I-2,J, K)
GO TO 50

10 DO 15 K=1,4

QMM=2.*Q2M-Q(1,J,K)
15 ADD)(K)=COEF*(Q( 1+2, J,JK)-4. *9(I41,3,1<)

46. *'Q( I,J,K)-4. *QM+QMM)
GO 5 50

20 DO 25 K=1,4
QMM=2. .,-Q(1,J, K) -9(2, J, K)

25 ADD(K)=COEE*(Q( I+2,J,K)-4.*Q(I4-l,J,K)

49MM)

GO TO 50
30 DO 35 K=1,4

QPP=2 . Q(I+1, J, K)-Q( I,3, K)
35 AD)D(K)=COEF*(QPP-4.*Q( I+1,J,K)+6.*Q(I,J,K)

4.*Q( I-l,J,K)+Q( I-2,J,K)

GO TO 5
40 DC) 45 K=1,4

QP=2.*Q( I, J,K)-Q( I-1, 3,K)
9PP=2. *QP-Q(I, J,K)

45 ADD(K)=COEF*(QPP-4. *QP+6.*Q( T,J,K)-4. *
Q( I-1,J,K)+Q(I-2,J,K) )

50 CONTINUE
CALL PRECON(I,J,PRE)
CALL MM\J(4, PRE, ADD, PADD)
DO 60 K=1,4

60 DQ( I,J,K)-DQ( I,J,K)-PADD(K)/RJ(I..J)*Y(I,J)
'70 CONTINUE

RETURN
C

C ADD ETA-DLRECTLON 4TH ORDER ARTLFLCLAL VLSCOSLTY
C **

ENTRY ADDY
COEF0. 125D0*0MEGAY
DO 170 I=1,IL
DO 170 J1I,JL
IF(J.EQ.1) GO TO 110
IF(J.EQ.2) GO TO 120
IF(,J.EQ.JL1) GO TO 130
IF(J.EQ.JL) GO TO 140
DO 95 K=1,4

95 AfD(K)=COEF*(9( I,J*2,K)-4.*9(I,J+1,K)
>+6. *9(1,J,K)-4.*9(I, J-1 ,K)
> +QI, 3-2, K) )

GO TO 150
110 DO 115 K=1,4

QM=2 . *(1,1, K)-Q( 1,2, K)
QMM=2. *QM.Q( I,1,1<)

115 ADD(K)=COEF*(Q( I,J+2,K)-4. *Q( I,J+1,K)
> +6.*Q(IJK)-4*M+Q4M)

13
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GO TO 150
120 DO 125 K=1,4

125 ADD(K)=COEF* (Q( I, J+2, K)-4. *Q( I, J+l,K)

+QMM)

GO TO 150
130 DO 135 K=1,4

QPP=2 . Q(I,J+1,K)-Q(I,J,K)
1315 ADD(K)=COEFz(QPP-4.*Q(I,J+1,K)+6.*Q( I,JK)

N 4**Q( I,J-1,K)+Q( I,J-2,K)

GO TO 150
140 DO 145 K=1,4

QP=2.*Q( I, J,K) -Q( I,J-1, K)
QPP=2.*QP-Q( I, J,K)

145 ADD(K)=COEF*(QPP-4.*QP+6. *Q(I,J,K)-4.*
>Q( I,J-1, K) +Q( I, J-2, K))

150 CONTINUE
CALL PRECON(I,J,PRE)
CALL MMV(4,PRE,ADD,PADD)
DO 160 K=1,4

160 DQ( I,J,K)=DQ(I,J,K)-PADD(K)/RJ(I,J)*Y(I,J)
170 CONTINUE

RETURN
END

C
C **SUBROUTINE FOR CENTER LINE BOUNDARY CONDITIONS

SUJBROUTINE BC
C----------------------------------------------------------------------------

IMPLICIT REAL*8(A-.H,O-Z)
PARAMETER (IZ=150, JZ=100)
COMrMON/VECTOR/DQ(IZ,JZ,4) ,Q(IZ,JZ,4),F(IZ,JZ,4) ,G(IZ,JZ,4),

COMMON/COORD/SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,JZ)
N ' RJ( IZ,JZ) ,X( IZ, JZ) ,Y( IZ, JZ) ,DELTAU( IZ, JZ)

* ZMUT(IZ,JZ)
*,AREA(IZ) ,ZMU(IZ,JZ),A1(IZ,JZ),A2(IZ,JZ),A3(IZ,JZ),A4( IZ,JZ)
COMMON/CONST/AIN,ATH, RL,EXI ,EYI ,OMEGAX,OMEGAY,CFL,THETA, PO,TO,

PRNT,PB,RM1,SUM(4) ,ZMUO,REN,PRN,TWALL,TREF,COND
COMMON/CONST1/CP(IZ,JZ),CV(IZ,JZ),GAMMA(IZ,JZ),GM1(IZ,JZ),RGAS
COMMON/INTEG/IL,JL, 1L1,JL1,NEND,NBEG,NADV, ITIME, ISUP, IVISC, IWALL
DIMENSION RHO( IZ, JZ) ,RHOU( IZ, JZ) ,RHOV( IZ, JZ) ,E( IZ, JZ)
EQUIVALENCE(Q(1, 1,1) ,RHO(1, 1) ), (Q(1, 1,2) ,RHOU( 1, 1),

DIMENSION AM( IZ) ,BM( IZ) ,CM( IZ) ,DM( IZ) ,PTEMP( IZ)
DATA SCONST/110./
ENTRY CLBC

C *THE QUANTITIES EXTRAPOLATED ARE U,P,T AND LET V=0
C

IF( ISUP. EQ. 3)THEN
11=2
ELSE

14
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END IF
DO 20 I=Il,IL
SY=SAIY(1, 1)
EY=ETAY( 1,1)
DENOM=SY-l 5*EY
IF( I.EQ. l)THEN
UIMl=O.
PIM1=0.
RIMlIl .0
ELSE
uIllU(I-i, 1)
PIMl=P( 1-1,1)
RIM1=RHO( 1-1,1)
END I F
V(1,1 )=0.

UN( I,1) =SAIX( I,1) *[U( ,1)
VN( I, 1)=ETAX( 1,1) *U( 1,1)

I(, l)=( SY*PIMl.0. 5*EY* (4. *P( 1,2) -P(I,3) ))/DENOM
RIV= . /RGAS
TIMl=PIMl/RIMl*RIV
T2=P( 1,2 )/RHO( I, 2)*RIV
T3=i9( ,3 )/RHO(113 )*RIV
Tl=(SY*TIMl-0.5*EY*(4.*T2-T3) )/DENOM
CALL CPGAM(CP(I,l),CV(I,l),GAMMA(I,l),GM1(I,l),RGAS, 1,1,
>RHIO( 1,1), RHOU( 1,1) ,RHOV( 1,1) ,E( 1,1) ,Tl)
RHO( 1,1 )=P( 1,1)/T1*RIV
RHOJ( I, l)=RHO(I, l)*U(I, 1)
RHOV(I, l)=RHO(I,l)*V(I, 1)
E( I, )=P( I, 1)/GMl( I, 1)40. 5*RHO( I,l)* (U( I, )**2+V( I, l)**2)

20 CONTINUE
RETURN

ENTRY WALLBC
J=JL
IBEG~l
IF( ISUP.EQ.3) IBEG=2

C4- SOLVE THE PRESSURE EQUATION
IF( ISUP .NE. 3)THEN
AM(1 )0.
BM( l)=1. 5* (ETAX(1, J) **2+ETAY(1, J)**2 )-(SAIX( 1,J

> ETAX(1,J)+SAIY(l,J)*ETAY(l,J))
CM( l)=SAIX( l,J)*ETAX(l,J)+SAIY( l,J)*ETAY( l,J)
DM(l)=(ETAX(1,J)**2+ETAY(l,J)**2)*(2.*P(l,J-l)-0.5*P(l,J-2))
ELSE
AM(l)=0.
BM( 1)=l.
CM( 1 )0.
DM(1)=P( 1, J)
ENDIF
DO 30 I=2,IL1
CCl=SAIX( I,J)*ETAX( I,J)+SAIY( I,J)*ETAY( I,J)
CC2=ETAX( I, J)**2+ETAY( I, J)**2
AM( I )-0. 5*CCl
BM( I)= . 5*CC2

15
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CM( I )=O.5*CCl

30 CONTINUE
CCl=SAIX( IL, J) *ETAX( IL, J) 4SAIY( IL, J) *ETAY( IL, J)
CC2=ETAX(TL,J)**2±ETAY(IL,J)**2

BM( IL)ZCCl+l.5*CC2
CM( IL)CG.
DM( IL)=CC2* (2. *P( IL, J-l) -0. 5*P( IL, J-2))
CALL SYH(1,IL,AM,BM,CM,DM)
DO 32 l1=l,IL

32 PTEMP(I)=DM(I)
RIVl . /RGAS
IF( IWALL.EQ.0)THEN
IF( ISUP. EQ. 3)THEN
DM(1)=P(1,J)*RIV/RHO(1,J)

Er SE

T2=P(1, J-2)*RIV/RH0(1,J-2)
CC2=ETAX( 1, J)**2+ETAY( 1, J)**2
DN( 1)=CC2*(2.*Tl.5*T2)

END IF
DO 34 I=2,IL
CC2=ETAX(I,J)**2+ETAY(I,J)**2

T2=P( I,J-2 )*RIV/RHO( I, J-2)
34 DM(I)=CC2*(2.*Tl-0.5*T2)

CALL SYH(1,IL,AM,BM,CM,DM)
EL SE
END I F
DO 40 L=IBEG,IL
IF( IWALL. EQ. 0)THEN
TT=DM( I)

ELSE
TT=TWALL

ENDIE
PP=PTEm ( I)

V( T,,TL)=0.
RH(U( I , JL) =0.
RHOV( I, JL)=0.
R1HOOPP*RIV/TT
RHO( I, JL)=RHOO
CALL CPCAM(CP(I,JL),CV(I,JL),GAMMA(I,JL),GM1(I,JL),RGAS, I,JL,
>RHO( I, JL) ,RHOU( I, JL) ,RHOV( I, JL) ,E( I,JL) ITT)
E(I..JL) =PP/GMl(I,JL)
P( I,JL)=PP
UN(I, JL)=0.
VN( I, jL)=0.

40 CONTINUE
RETURN

C* LAMINAR VISCOSITY CALCULATION

C ENTRY MULAM

16
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C* USE SUTHERLAND LAW
C DO 60 I=l,IL
C DO 60 J=l,JL
C TOS=TREF+SCONST
C TT=(E(I,J)/RHO(I,J)-O.5*(U(I,J)**2+V(I,J)**2) )/CV(I,J)
C TTS=TT+SCONST
C ZMU(I,J)=ZMUO*TOS/TTS*(TT/TREF)**1.5
C ZMU(I,J)=ZMUO
C Z4U(I,J)=ZMUO*(TT/TREF)**0.67
C 60 CONTINUE
C RETURN

END

SUBROUTINE MULAM

IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZ=l5O,JZ=lOO)
COMMON/VECTOR/DQ( IZ, JZ, 4), Q( IZ, JZ,4), F( IZ, JZ, 4),G( IZ, JZ, 4),

P( IZ,JZ) ,U(IZ,JZ),V(IZ,JZ) ,UN(IZ,JZ) ,VN(IZ,JZ)
COMMON/COORD/SAIX( IZ, JZ) ,SAIY( IZ, JZ),/ETAX( IZ, JZ) ,ETAY( IZ, JZ)

,RJ(IZ,JZ),X(IZ,JZ),Y(IZ,.JZ),DELTAU(IZ,JZ)
*,ZMUT(IZ,JZ)
*,AREA(IZ) ,ZMU( IZ,JZ) ,Al( IZ,JZ) ,A2(IZ,JZ) ,A3(IZ,JZ) ,A4(IZ,JZ)
COMMON/CONST/AIN,ATH, RL, EXI ,EYI ,OMEGAX,OMEGAY,CFL,THETA,PO,TO,
>PRNT, PB, RMl, SUM( 4), ZMUC, REN, PRN, TWALL, TREF, COND

COMMON/CONSTI/CP(IZ,JZ) ,CV(IZ,JZ) ,GAMMA(IZ,JZ) ,GMl(IZ,JZ) ,RGAS
COMMON/INTEG/IL,JL, 1L1,JL1,NEND,NBEG,NADV, ITIME, ISUP, IVISC, IWALL
DIMENSION RHO(IZ,JZ) ,RHOU(IZ,JZ),RHOV(IJZ,JZ),E(IZ,JZ)
EQTTALENCE(Q(1, 1, 1),RHO(l,1) ), (Q(1, 1,2) ,RHOU(1, 1),
> * ** ** ** ** ** ** ** ** ** **** ** ** ** ** ** ** ** ** * *

B1-4.3222557667 160623D-06
B2=3.8885996244952953D-08
B3=-3. 7263546610032919D-12
DO 50 NN=1,IL
DO 50 MM=1,JL
TT=(E(NN,MM)/RHO(NN,MM)-O.5*(U(NN,MM)**2+V(NN,MM~)**2))/CV(NN,MM)
ZMU(NN, MM)=Bl+B2*TT+B3*TT*TT

50 CONTINUE
RETURN
EN'D

C
C BOLDWIN & LOMAX TURBULENCE MODEL

C
SUBROUTINE MUTUR

IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZ=1SO,JZ=100)
COMMON/VECTOR/DQ( IZ, JZ, 4), Q( IZ, JZ, 4), F( IZ, JZ, 4),G( IZ, JZ, 4),

>P( IZ, JZ) ,U( IZ, JZ) ,V( IZ, JZ) ,UN( IZ, JZ) ,VN( IZ, JZ)
COMMON/COORD/SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,JZ)

,RJ(IZ, JZ),X( IZ,JZ) ,Y( IZ, JZ),DELTAU( IZ,JZ)
- ZMUT(IZ,JZ)
>,AREA(IZ) ,ZMU(IZ,JZ) ,Al(IZ,JZ),A2(IZ,JZ) ,A3(1Z,JZ),A4(IZ,JZ)
COMMON/CONST/AIN, ATH, RL, EXI ,EYI ,OMEGAX, OMEGAY, CFL, THETA, P0, TO,

17
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PRNT, PB, RM1, SUM( 4), ZMUO, REN, PRN, TWALL, TREE, COND
(JoMONCONST1/CP(IZ,JZ),CV(IZ,JZ),GAMMA(IZ,JZ),GM1(IZ,JZ),RGAS
COMMON,/INTEG/IL, JL, ILl, JL1,NEND,NBEG,NADV, ITIME, ISUP, IVISC, IWALL
DIMENSION RHO(IZ,JZ) ,RHOU(IZ,JZ),RHOV(IZ,JZ),E( IZ,JZ)
EQUlTVAEI-,NCE(Q(1, 1, 1),RHO(l,1) ), (Q(l, 1,2) ,RHOU(l, 1),

DIMENSION YVERT(JZ),ZMUI(JZ)
DATA AP,CCP,CKLEB,CWK,VKCON,XK/26., 1.6, .3, .25, .4, .0168/
DATA ZMUI/JZ*O.0/
DO 991 II=l,IL
!=I

FYMAX 0.0
YMAX 0.0
UDIF-0.
YVERT(JL) =0.0
TAUW =ZMU(I,JL)*DABS(ETAY(I,JL)*(U(I,JL)-U(I,JL-l) )-.

ETAX( I, JL) *(V( I, JL) -V( I, JL-1)))
CYP =DSQRT(RHO(I,iL)*TAUW/ZMJ(Il,jL)

DC) 10 KK =2,JL1
-JT,--1-KK

YER YVERT(K+1) + 1.O/DSQRT(ETAX(I,K)**2 + ETAY(I,K)**2)
0MG. DABS( ETAY('I,K)*(U(I,K+1)-U(I,K-1))*.5

+SAIY(I, K) *(U( I,K) -U( I-i,K))
-ETAX( I, K)*( V( I,K+l)-V( I,K-1) )*.

YPLUS =CYP*YVER
TURILEN =VKCON*YVER*(1. ODO -DEXP( -YPLUS/AP))
ZMUJI(K) =RHO(I,K)*OMG*TURLEN**2
FY =TURLEN/VKCON*OMG
UTOTAL= DSQRT(U(I,F)**2 V(I,K)**2)
IF(UTOTAL.GE.UDIF) UDIF=UTOTAL
IF(FY .LT. FYMvAX) GO TO 10
FYMAX = FY
YMAX = YVER

10 YVERT(K) = YVER
c

VXDIF =UDIF
C WRITE(6,*) II,K,TURLEN,YVER,OMG,FY,FYMAX

EWAKE 1=YMAX* FYMAX
FWAKE2=CWK*YMAX*VXDI F* *2/FYMAX
FWAKE =DMINl (FWAKEl, FWAKE2)

C
DO 20 KK =2, JLl
K =JfL+1-KK
FKLEB =(CKLEB*YVERT(K)/YMAX)**6
FKLEB =1./(1.0 + 5.5*FKLEB)
ZMUO = XK*CCP*RHO( I, K)*FWAKE*FKLEB
IF(ZMUI(K).GT.ZMUO) TH-EN
ZMUTUR = ZMUO
ELSE
ZMUJTUR = ZMUI(K)
END I F
ZMUT(I,K)= ZMUTUR
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ZMTj(I,K) ZMU(I,K) + ZMUTUR

Fi)RMAT(2X,I3,6(2X,Dl3.6))

CONTINUE

RETURN
END

-IJORCE TERM JACOBIAN MATRIX
SUBROUTINE DHDQ(D,I,,J)

IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (1Z=150,JZlOO0)
COMMvO/VECTOR/DQ(IZ,JZ,4),Q(IZ,JZ,4),F(IZJZ,4),G(IZ,JZ,4),

P( IZJZ) ,U( IZ,JZ) ,V(IZ,JZ) ,UN(IZ,JZ) ,VN( IZ,JZ)
COMMON/COORD/SAIX( IZ, JZ) ,SAIY(IZ, JZ) , ETAX( IZ, JZ) ,ETAY( IZ, JZ)

RJ( IZ, JZ) ,X( IZ, JZ) ,Y( IZ, JZ) ,DELTAU( IZ, JZ)
> ZMITT(I Z,JZ)
* AREA(IZ) ,ZMU(IZ, JZ) ,AI(IZ,JZ) ,A2(IZ,JZ) ,A3(IZ,JZ) ,A4(IZ,JZ)
C:MMON/CONST/AIN,ATH, RL,EX,EYI ,OMEGAX,OMEGAY,CFL,THETA, PO,TO,

PRNT,PB,RM1,SUM(4) ,ZMUO,REN,PRN,TWALL,TREF,COND
J0f4MON/CONST/CP(IZ,JZ),CV(IZ,JZ),GAMMA(IZ,JZ),GMl(IZ,JZ),RGAS
COMMON/INTEG/IL,JL, 1L1,JL1,NEND,NBEG,NADV, ITIME, ISUP, IVISC, IWALL
DIMENSION RHO( IZ, JZ) ,RHOU( IZ, JZ) ,RHOV( IZ, JZ) ,E( IZ, JZ)
EQUJIVALENCE(Q( 1, 1, 1),RHO( 1,1) ),(Q(1, 1,2) ,RHOU(1, 1),

DIMENSION D(4,4)
CALL SZERO(4,D)
IF( IVISC.EQ. 0)THEN
R2MY=O.
ELSE
R2MY=4. /3.*ZMU( I, J)/(Y( I, J)*Y( I, J)*RHO( I, J)
END IF
D(3,1)=.5*GM1(I,J)*(U(I,J)**2+V(I,J)**2)/Y(I,J)+IVISC*V(I,J)*R2MY

D(3, 4)=GM1( I, J)/Y( I, J)
RETUJRN
END
SUB ROUT INE JACCAL

C,;
Ci- SIUBROUTINE FOR JACOBIAN METRIX
C, IF IAM1, ACAP MATRIX
C* IF IA=2, BCAP MATRIX
C*

IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZ=15O,JZ=10O)
COMMvON/VECTOR/DQ( IZ, JZ, 4) ,Q( IZ,JZ, 4), F( IZ, JZ, 4) ,G( IZ, JZ, 4),

P( , JZ) ,U( IZ, JZ) ,V( IZ, JZ) ,UN( IZ, JZ) ,VN( IZ, JZ)
COMMON/COORD/SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,JZ)

> ,RJ(IZ,JZ),X(IZ,JZ),Y(IZ,JZ),DELTAU(IZ,JZ)
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,ZMUT(IZ,JZ)
,AREA(IZ) ,ZMU( IZ,JZ),Al(lIZ,JZ) ,A2(IZ,JZ),A3(IZ,JZ),A4(IZ,JZ)

COMMON.'CONST/AIN, ATH, RL, EXT. EYIOMEGAX, OMEGAY, CFL, THETA, P0,TO,
PRNT ,PB, RM1, SUM (4) ,ZMUO , ENPRN ITWALL, TREF, COND

COMM(JN/CONST1/CP( IZ,JZ) ,CV( IZ,JZ),GAMMA(IZ,JZ) ,GMl(IZ..JZ) ,RGAS
COMMON,/'INTF.G/IL,,TL,IL1,JL,NEND,NBEG,NADV,ITIME,ISUP,IVISC,IWALL
DIMENSION RHO(IZ,JZ) ,RHOU(IZ,JZ),RHOV(IZ,JZ),E(IZ,JZ)
EQUIVATENCE(Q( 1, 1,1) ,RHO( 1, 1))(Q( 1, 1,2) ,RHOU( 1, 1),

DIMENSION A(4,4),B(4,4),C(4,4)
C** , 4, 4 -~ - k * '- * r** * * ** * *** ** *** ** * ** *** * ** ** * *** ** ** ** ** * * *** * * ** *

ENTRY JACCB(IA,A,I,J)
IF(TA.EQ.2)GO TO 10
CX=SAIX( I, J)
CY=SAIY( I, J)
cOnNTRA=UN(I, J)
Go TO 20

10 CXz-ETAX(!,,J)
CY=ETAY( I,0J)
CONTRA=VN (I ,J)

20 CONTINUE
PH12=O. 5D0*GMl (I, J) *(U( I,J) **2±V( IJ)**2)

A( 1,2) =CX
A( 1,3 )=CY
A( 1,4)=0.DO
A(2,1)=CX*PIII2-U(I,J)*CONTRA
A(2,2)=CONTRA-(GAMMA(I,J)-2.)*CX*U(I,J)

A(2, 4)=GMI( I,J)*CX
A(3,1y=CY*PHI2-V(I,J)*CONTRA

A(3,3)=CONITRA-CY*V(I,J)*(GAMMA(T,J)-2.)
A(3,4)=GMl( I,J)*CY
A4, 1)=CONTRA* (2.D0*PHI2-GAMMA( I,J) *E( I, J)/RHO( I,J))

A(4,2y)=CX*(GAMMA(I,J)*E(I,J)/RHO(I,J)-PHI2)-GM1(I,J)*CONTRA*U(I,J)
A(4,3)=CY*(GAMMA(I,J)*E(I,J)/RHO(I,J)-PHI2O)-GMl(I,J)*CONTRA*V(I,J)
A(4, 4)=GAMMA( I, J)*CONTRA
RETU RN

C"' VISCOUS TERM JACOBIAN MATRIX

ENTRY VJACOB(A,B,C,I,J)

ZMUP=0. 5* (ZMU( I,J) -4ZMU( I, JPl))
ZMUM=0.5* (ZMU( I,J) +ZMU( I, JM1))

YYM --0.5*(Y(I,J)+Y(I,JM1))

IF(.JM1 .EQ. 1)THEN
YJM=O.
ELSE

ENDIF

20



r.iLE: AXEK2DV FOR Al VM/SP CMS 4-8602 (02/02/88) -- THE PENNSYLVANIA STAM

IE(PRNT.EQ.O.DO) THEN
GA14P=O. 5* (GAMIMA( I,J) +GAMMA( I, J+1))
GAMM=0. 5*(GAMMA( I,J) +CAMMA( I, J-l)
CI<CPP=ZMTUP*GAMP /PRN
G 'CPM=ZMUM* GAMM/PRN
EL SE
ZMUTP =0.5*(ZMUT(I,JPl)4+ZMUT(I,J))
ZMUTM = 0.5*(ZMUT(,JMl)+ZMUT(I,J))
ZIJLP = ZMUP - ZMUTP
ZMULM = ZMUM - ZMUTM
GAMP0.5*(GAMIA(I,J)+GAMMA(I,J+l))
OAMWO=. 5* (GAMMA(I, J) 4GAMMA( I, J-1))
GKCPP GAMP* (ZMULP/PRN+ZMUTP/PRNT)
OC:cPM =GAMM* (ZMULM/PRN+ZM'UTM/PRNT)
END IF
EXJ=ET.AX( I, J)/RJ( I,J)
EYJ=ETAY( I, J)/RJ( I,J)
ZP.UU=ZMU (I, J)
0R=1./RHO( I,J)
ORP=1./RHO( I,JPl)
ORM=l /RHO( I,JMIL)
Z14JRPZMU( I ,JPl ) *ORP
ZlIll-RM=ZMJ ( I , JMl 1) * ORM
UR =U(IJ)*OR
URP=U( I, JPl)*ORP
URM=U( I, JMl)*ORM
VR =V(I,J)*OR
VP.M=V( I, JMl)*ORM
VRP=V( I,JPl)*ORP
UMRPzIJRP*ZMU( I, JPl)
UMRM=URM*ZMU( I ,JMl)
VMRP=VRP*ZMU( I,JPl)
VMRM=VRM*ZMU( I,JMl)
U2R =UR*U(I,J)
U2RP=URP*U( I,JPl)
U2RM=URM*U( I, JMl)
V2R =VR*V(I,J)
V2RP=VRP*V( I,JPl)
V2RM=VRM*V (I ,JM1)
UVR =UR*V(I,J)
UVRP=URP*V( I,JPl)
UVRM=URM*V( I, JMl)
ER2 =E(I,J)*OR**2
ER2P=E( I,JPl)*ORP**2
ER2M=E( I,JM1)*ORM**2
ZRYJP=ZMURP*YJP
ZRYJM=ZMURM*YJM
ORYJP=ORP *Y
ORYJM=ORM* YJM
VMRP=-ZMURP*V( I ,JPJ.) *YJP
VMRM=-ZMURM*V( ,JMI)*YJM
URYJP=-URP*YJP
URYJM=-URM*YJM
VYJP=2 *ZMU( I,JPl )*VRP*YJP
VYJM=2. *ZU( I ,JMl )*VRM*YJM
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V2YJP=-.V2RP*2. *ZMU( I, jpI) *YJP
V2YJNM=-V2RM*2.*ZMU( I ,JM1 )*YJM
UVYJP=-2. *ZMU( I, JP1 )*UVRP*YJP
UVYJM= -2. *ZMU( I, JM1)*UVRM*YJM
VYJP2=VYJP*O.5
VYJM2=0. 5*VYJM
UYJP=ZMU( I ,JP1 )*URP*YJP
UYJM=ZMOR( I ,JM1 )*URM*YJM
AAP1= ZMUP*A1( I, J)*YYP
AAP2= ZMUP*A2 (I, J) *YYP
AAP3= ZMUP*A3(I,J)*YYP
AAP4= GKCPP*A4 (IJ) *YYP
AAM1= ZMUM*A1 (I, JM1 )*YYM
AAM2= ZMUM*A2 (I ,JM ) *YYM
AAM3 =ZMUM*A3 (I ,JM1) *YYM
AAM4 =GKCPM*A4( I, JM1 )*YYM
IlV(JM1 .EQ. 1)THEN
CALL -,ZERO(;,A)
ELSE
A(1,1) =0O.
A(1,2) =0.
A(1,3) =0.
A(1,4) =0.
A21=(AAMI*URM+AAM2*VRM)*RJ(I,JMI)/Y(I,JMI)
A(2,1) =A21-l./3.*EXJ*VMRM
A( 2,2) =-AAM1*0RM*RJ (I, JM1 )/Y( I, JM1)
A(2,3) =-AAM2*0RM*RJ(I,JM1)/Y(I,JM1)-l./3.*EXJ*ZRYJM
A(2,4) =0.
A3 1=(AAM2*URM4+AAM3*VRM) *RJ( I, JM1)/Y( I,JM1)
A(1, 1) =A314+1./3.*ZMU(I,J)

* *EXJ*URYJM
A(3,2) =-AAM2*0RM*RJ(I,JM1)/Y(ITM1)+1./3.*ZMU(I,J)*EXJ*0RYJM
A(3,3) =-AAM3*0RM*RJ( I,JM1)/Y(I,JM1)
A(3,4) =0.
A(4, 1) =(-AAM4*(-ER2M+U2RM+V2RM)+AAM1*U2RM+AAM3*V2RM+

+ 2.*AAM2*UVRM)*RJ(I,JM1)/Y(I,JM1)-
+ 1 /3.*EYJ*V2YJM.1 ./3. *EXJ*UVYJM
A(4,2) =AAM4*URM*RJ( I,JM1)/Y(I,JM1)-A21-l./3.*EXJ*VYJM2
A(4,3) =AAM4*VRM*RJ(I,.JM1)/Y(I,JM1)-A31-1./3.*EYJ*VYJM-

* 1./3.*EXJ*UYJM
A(4,4) =-~AAM4*ORMRJ(I,,JM1)/Y(I,JMI)
ENDIF
C(1,1) =0.
C(1,2) =0.
C(1,3) =0.
C(1,4) =0.
C2 1(AAF1*URP+AAP2*VRP) *RJ( I, JP1 )/Y( I,JP1)
C(2,1) =C21+1./3.*rEXJ*VMRP
C(2,2) =-AAP1*0RP*RJ(I,JPI)/Y(I,JP1)
C(2, 3) =-AAP2*0RP*RJ( I, JP1)/Y( I, JP1 )+1 ./3.*EXJ*ZRYJP
C(2,4) =0.
C31=(AAP2*URP+AAP3*VRP)*RJ(I,JP)/Yr7I,JP1)
C(3, 1) =C31-1./3.*ZMU(I,J)

* *EXJ*URYJP
C(3,2) =.-AAP2*0RP*RJ(I,JP1)/Y(I,.JP1)-1./3.*ZMU(I,J)*EXJ*0RYJP
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,,31) =-AAP3*ORP*RJ(IJPl)/Y(I,JPl)

(-AAP4* (-ER2P+U2RP+V2RP) +AAPI kU2RP+PAP3*V2RP4
2. 4rAAP2*UVRP )*RJ( I, JPl)/Y( I,JP ) +
1. /3.*EYJ*V2Y3JP+1 /3.*EXJ*UVYJP

AAP4*URP*RJ(I,JP1)/Y(I,JP1)-C2l+1./3.*EXJ*VYJP2
x-AAP4*VRP*RJ(T,JPl)/Y(I,JPl>..C3l11./3.*EYJ*VYJP+

J /3.EJUP
--~AAP4*ORP*RJ(I,JPl)/Y(I,JPl)

.,%AP I+AAMI
* *.P2+AlAM2
.7 AF3+AAM3

it, .+AP44AAM4

-0.

=( ,AAl*UR-AA2*VR) *RJ( I, J)/Y( I,J)

-AA2*OR*RJ(,J)/Y(I,J)
-0.

* (-AA2*UR-AA3*VR)*RJ(I,J)/Y(I,J)
- '~=AA2*0R*RJ(I,J)//Y(I,J)

* ~) AA3*0Rk*RJ(I,J)/Y(I,J)

2. *AA2*UJVR)*RJ(I,J)/Y(I,J)

=-~AA4*VR*RJ(I,J)/Y(I,J)-B(3,l)
B.-4,4) AA4*OR*RJ(I,J)/Y(f,J)

N"7'tE FOR COMPUTING PRECONDITIONER

*)>K<AJTINE PRECON(I,J,A)

:*1;'LTC TT REAL*8(A-H,0-Z)
PARAMETER (IZ=l50,JZ=l00)
C r~VMCN/VECT0R/DQ( IZ..JZ,4) ,Q(IZ..JZ,4) ,F(IZ,JZ,4) ,G( IZ,JZ,4),

P( IZ,JZ) ,U(IZ,JZ),V(IZ,JZ),UN(IZ,JZ),VN(IZ,JZ)
(:)f'W)NO/CO(RD/SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,JZ)

,RJ( IZ,,JZ) ,X( IZ,JZ) ,Y( IZ,JZ),IDErTAU( IZ, JZ)
,ZMI4JT ( IZ,JZ)

*AREA( IZ) ,ZMU(IZ,JZ),Al(IZ,JZ),A2(IZ,JZ),A3(IZ,JZ),A4(IZ,JZ)
:IMON/CONST/AIN, ATH, RL, EXI, EYI, OMEGAX,OMEGAY, CFL.,THETA, P0, TO,

PRNT,PB,RM1,SUM(4' ,ZMUO,REN,PRN,TWALL,,TREF,COND
*'tl)IMONI/CONSTl/CP(IZ,JZ),CV(IZ,JZ),GAMMVA(IZ,JZ),GM1(IZ,JZ),RGAS
CoMMON/INTEO/IL,JL,IL1,JL21,NEND,NBEG,NADV,ITIME,ISUP,IVISC,IWALL
DIMEN1SION RHO(IZ,JZ),RHOU(IZ,JZ),RHIOV(IZJZ) ,E(IZ,JZ)
FQU)TIVALENCE(Q( 1, 1, 1),RHO( 1, ) ) ,(Q( 1,1,2) ,RHOU( 1, 1)),

DIMENSION A(4,4)

(.ALL SZERO(4,A)
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CO=DSQRT( GAMMA( I,J) *P(I, J)/RHO( I, J))
ZM-DSQRT(U(I,J)**2+V(I,J)**2)/CO
IF(COND.GT.O.O.AND.ZM.LT.1.O) GO TO 100
DO 1 MM=1,4

1 A(MM,MM)=1.ODO
RETURN

100 CONTINUE

CON=CO*CO/ALPHA
CONMl=CON- 1.ODO

A(2, 2 )=lODO
A( 3,3 )=l.ODO
A(4,1)-ZO. 5D0*ALPHA*CONM1
A(4, 2)=-U( I, J)*CO1
A(4, 3)=-V( I,J)*CONMl
A(4, 4)=CON
RETURN
END

C----------------------------------------------------------------------
SUBROUTINE EIGEN(IA,A,I,J)

(* SUBROUTINE FOR EIGENVECTOR MATRIX CALCULATION

0* IF IA~1 L FOR ACAP
0* IF IA=2 L FOR BCAP
0*

IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZ=150,JZ=100)
COMMON/VECTOR/DQ(IZ,JZ,4),Q(IZ,JZ,4),F(IZ,JZ,4),G(IZ,JZ,4),

P( IZ, JZ) ,U( IZ, JZ) ,V( IZ, JZ) ,UN( IZ, JZ) ,VN( IZ, JZ)
COJMMON/COORD/SAIX(IZ,JZ),SAIY(IZ,JZ).,ETAX(IZ,JZ),ETAY(IZ,JZ)

> ',RJ(-ZJZ) ,X(IZJJZ),Y(IZ,JZ) ,DELTAU(IZ,JZ)
> ZMIJT(IZ,J2)
>,AREA( IZ) ,ZMU( IZ,JZ) ,Al( IZ,JZ) ,A2( IZ,JZ) ,A3( IZ,JZ) ,A4( IZ,JZ)

COT4MON/CONST/AIN, ATH, RL, EXI, EYI ,OMEGAX, OMEGAY, CFL, THETA, P0, TO,
> PRNT,PB,RM1,SU'M(4),ZMU,REN,PRN,TWALL,TREF,COND

COMMON/CONIST1/CP(IZ,JZ),CV(IZ,JZ),GAMMA(IZ,JZ),GM1(IZ,JZ),RGAS
COMMON/INTEG/IL,JL,IL1,JL.,NEND,NBEG,NADV,ITIME,ISUP,IVISC.IWALL
DIMENSION RHO(IZ,JZ) ,RHOU(IZ,JZ),RHOV(IZ,JZ),E(IZ,JZ)
EQUIVALENCE(Q( 1,1, 1) ,RHO(1, 1) ),(Q( 1,1,2) ,RHOU(l, 1) )

DIMENSION A(4, 4) ,C( IZ, JZ)

CO=DSQRT(GAMM~A(I,J)*P(I,J)/RHO(I,J))
C( I,J)=CO
ZM=DSQRT(TJ( I,J) **2+V( I, J) **2 )/CO

0*

IF(COND.GT.O.0.AND.ZM.LT.1.0) GO TO 500

C* EIGENVECTOR FOR ORIGINAL EULER EQN
0*

IF(IA.EQ.2)GO TO 10
CX=SAIX( I,J)
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CY=SAIY( I, J)
GO TO 20

10 CX=ETAX(I,J)
CY=ETAY( I,J)

20 CONTINUE
SQ2=DSQRT(2 .DO)
C=DSQRT(GAMMA(I,J)*P(I,J)/RHO(I,J))
CJ=CX/DSQRT(CX**2+CY**2)
C2=CY/DSQRT( CX**2+CY**2)

A( 1,2 )=Gl (IJ*UM( I, J)/*UIJ**2(,)*2/
A(1,2)=GMl(I,J)*V(I,J)/C0**2

A( 1, 4)=-GMl( I,J)/CO**2

A(2.2 )=C2/RHO( I,J)
A(2, 3)=-Cl/RHO( I,J)
A(2, 4)=0.
A(3,1y=-(Cl*u(I,J)4C2*V(I,J))/SQ2/RHO(I,J)+

A(3,3)=C2/SQ2/RH0(I,J)-GM1(I,J)/SQ2*V(I,J)/RHO(I,J)/C0
A(3, 4)=GM1( I,J)/SQ2/RHO( I, J)/CO
A(4, 1)=(Cl*U( I, J)+C2*V(I, J) )/SQ2/RHO( I, J)+0. 5/SQ2*GM1( I,J)

(U( I, J)**2+V( I, J)**2 )/RHO( I, J)/CO
A(4,2)=-Cl/SQ2/RHO(I,J)-GMl(I,J)/SQ2*U(I,J)/RHO(I,J)/C0
A(4,3)=-C2/SQ2/RHO(I,J)-GM1(I,J)/SQ2*V(I,J)/RHO(I,J)/C0
A( 4,4)=GM1(I, J)/SQ2/RHO( I, J)/CO
T OTO 600

C
C

500 CONTINUE

C'.r EIGENVECTOR FOR PRECONDITIONED EULER EQN

IF(IA.EQ.2) GO TO 50
IF(IA.NE.l) STOP 999
CX=SAIX( I, J)
CY=SAIY( I,J)
CONTRA=JN( I, J)
GO TO 60

50 CX=lETAX(I,J)
CY=ETAY( I,J)
CONTRA=VN( I,J)

60 CONTINUE
UU=U( I,J)**2+V(I,J)**2
XM=DSQRT(UU/C(I,J)**2)
QM=1.D0-XM**2
XMM=QM**2
AC=DSQRT(CONTRA**2*XMM~44.DO*C(I,J)**2*XM**2
**(CX**2+CY**2))
A(1, 1)=O.5D0+0.5D0*(V(I,J)*CX-U(I,J)*CY)/(RI0(I,J)*
* C*2C*2)2D*MCNTA4/XMCNR*2A*2
+GM1( IJ)*UU*(CX**2+CY**2)/(XMM*CONTRA**2-AC**2)

A(1,2)=0.5D0*CY/(RHO(I,J)*(CX**2--+CY**2))+2.DO*
>CX*QM*CONTRA/( XMM*CONTRA**2-AC**2)
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> GMl( I,J) *U( I,J) *2 .DO* (CX**2+CY**2 )/(XMM*CONTRA**2-AC**2)
A(l,3)=-o.5D0*CX/(RHO(I,J)*(CX**2+CY**2))+2.D0*CY*QM*CONTRA
//(XMM*CONTPA**2-AC**2)
> GMl(I,J)*V(I,J)*2.D0*(CX**2+CY**2)/(XMM*CONTRA**2-AC**2)
A(l,4)=2.DO*GMl(I,J)*(CX**2+CY**2)/(XMM*CONTRA**2-AC**2)
A(2,l)=0. 5DO0.5D0* (U( I,J) *CY..V( I,J)*CX)/(RHO( I, J)
N*(CX**2+CY**2))

" 2.D0*QM*CONTRA**2/(XMM*CONTRA**2-AC**2)
"+GMl(I,J)*UU*(CX**2+CY**2)/(XMM*CONTRA**2-AC**2)
A(2,2)=.-O.5D0*CY/(RHO(I,J)*(CX**2+CY**2))+2.DO*CX*QM*CONTRA/
"(XMM*CONTRA**2.-AC**2)
" -GM1( I,J) *U( I, J)*2 .DO* (CX**2+CY**2 )/(XMM*C0NTRA**2-AC**2)
A(2,3)=0.5D0*CX/(RHO(I,J)*(CX**2+CY**2))+2.DO*CY*QM*CONTRA/
"(XMM*CONTRA**2-AC**2)
" -GM(I,J)*V(I,J)*2.DO*(CX**2+CY**2)/(XMM*CONTRA**2-AC**2)
A(2,4)=2.D0*GMl(I,J)*(CX**2+CY**2)/(XMM*CONTRA**2-AC**2)
A(3,1)=((QM*CONTRA+AC)*CONTRA-GMI(I,J)*UU*(CX**2+CY**2))
"/(AC*(QM*CONTRA-AC))
A( 3,2 )=( -CX* (QM*CONTRA4AC)+2 .DO*GM1( I, J)*J( I, J)* (CX**2+CY**2))
"/(AC* (QM*CONTRA.-AC))
A(3,3)=(-CY*(QM*CONTRA+AC)+2.D0*GM(I,J)*V(I,J)*(CX**2+CY**2))
"/(AC*(QM*CONTRA-AC))
A(3,4)=-2.DO*GM1(I,J)*(CX**2+CY**2)/(AC*(QM*CONTRA-AC))
A(4,1)=(CONTRA'. (QM*CONTRA-AC)-GM1(I,J)*UU*(CX**2+CY**2))
"/(AC*(QM*CONTRA+lAC))
A(4,2)=(-CX*(QM*CONTRA-AC)+2.DO*GMl(I,J)*U(I,J)*(CX**2+CY**2)
"/(AC*(Q2M*CONTRA+AC))
A(4,3)=(-(QM*CONTRA-AC)*CY+2.DO*GM(I,J)*V(I,J)*(CX**2+CY**2))
"/(AC*(QM*CONTRA+ AC))
A(4,4)=-2.DO*GM1(I,J)*(CX**2+CY**2)/(AC*(QM*C0NTRA+AC))

600 CONTINUE
RETURN
END

C------------------------------------------------------------------
SUJBROUT INE COEFX (J)

C'* SETTING COEFFICIENTS FOR LX-OPERATOR

IMPLICIT REAL*8(A-H,O-.Z)
PARAMETER (IZ=150, JZlOO0)
COMMON/VECTOR/DQ( IZ, JZ, 4) ,Q( IZ, JZ, 4), F( IZ, JZ, 4) ,G( IZ, JZ, 4),

>P( IZ, JZ) ,U( IZ,JZ) ,V( IZ, JZ) ,UN( IZ,JZ) ,VN( IZ, JZ)
COMMON/COORD/SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,JZ)
> ,RJ(IZ,,JZ) ,X(IZ,JZ),Y( IZ,JZ) ,DELTAU(IZ,JZ)
> ZMUT(IZ,JZ)
>,AREA(IZ) ,ZMU(IZ,JZ) ,Al(IZ,JZ),A2(IZ,JZ) ,A3(IlZ,JZ) ,A4(IZ,JZ)
COMMON/CONST/AIN, ATH, RL, EXI,EYI, OMEGAX, OMEGAY, CFL, THETA, P0, TO,
>PRNTIPB, RMI, SUM (4) ,ZMUO ,REN, PRN, TWALL, TREF, COND

COMMON/CONSTl/CP( IZ,JZ),CV( IZ,JZ),GAMMA(IZ,JZ) ,GMI(IZ,JZ),RGAS
COMMON/INTEG/IL,JL, 1L1,JLJ1,NEND,NBEG,NADV, ITIME, ISUP, IVISC, IWALL
DIMENSION RHO(IZJZ),RHOU(IZ,JZ),RHOV(IZ,JZ) ,E(IZ,JZ)
EQUIVAL1ENCE(Q( 1, 1,1), RHO( 1,1)), (Q(1,1,2) ,RHOU( 1,1)),

> * ** ** ** *** ** ****** *** ** ** ** ** ** ** ** **** ** **
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DIMENSION IN(4),EE(4,4, IZ),EL(4,IZ),W(4,IZ)
DIMENSION AM(4,4) ,BM(4,4) ,CM(4,4) ,DM(4)
DIMENSION AL(4,4),BE(4)
DIMENSION A( 4,4) ,AL1( 4,4) ,D(4, 4)

DIMENSION PA(4, 4) ,PPD(4,4) ,PINV(4,4),PRE(4,4) ,AL2(4,4)
DIMENSION AM1(4,4) ,BMl(4,4),CMl(4,4),DMl(4),PIA(4,4)
DIMENSION ET(4, 4),EINV(4,4),AA(4,4),GA(4,4),GAI(4,4),EG(4,4)
,AINV(4,4)

C-

C" UF-SqRFEAM 1JNDARY CONDITION AT 1=1

TAUD=DELTAJ(I 1) )*THETA/EXI
IF(ISUP.FQ.3)GOTO 45
CALL. S;2RO(4,AM)
('A i.r, JACOR(l,A,I,J)
CALL DH-DQ(D,I,J)
CALL PRECON(I,J,PRE)
CALL1 EICEN(1,AL1,I,J)
DO 951 M--1,3
DO 951 N=1,4

51AL] (",N)=O. DO
DO 901 MM=l,4
DO 901 NNl1,4
PPD(MM,NN)=PRE(MM,NN)-TAUD*D(MM,NN)

901 CONTINUE
CALL INVER(4..PPD,PINV)
CALL r4M(4,PINV,A,PA)
CALL rMM(4,AL1,PA,PIA)
CALL SZERO(4,BM)
DO 10 M=1,4
DO 10 11=1,4
BM(M, N)=AL1 (M,N)-TAUD*PIA(M,,N)

IO CONT INUE
RJYY=RJ( I, J)/Y( I,J)
RCV=RHO( I, J)*CV( I,J)
RJRCV=RJYY/RCV
BM( 1, 1)=(-E(I, J)/RHO( I,J) +GM1( I, J)/CAMMA( I,J)* (U(I,J)*
> +V(I,J)**2))*RJRCV

BM(1,2)=-GM1(I,J)/GAMMA(I,J)*U(I,J)*RJRCV
BM(1,3)=-GM1(I,J)/GAMMA(I,J)*V(I,J)*RJRCV
BM( 1, 4)=RJRCV

C BM(2,1)=-GAMMA(I,J)*E(I,J)/RHO(I,J)+(GAMMA(I,J)+1. )*AAA
C BM(2,2.)-U(T,J)
C BM(2,3)=-V(I,J)
C BM(2,4)=1.D0

Cl=(RHO(I,J)*E(I,J)-O.5*RHO(I,J)**2*(U(I,J)**2+V(I,J)**2))

- +V(I,J)**2))

BM(2, l)=(O.5* (U( I,J) **2+V( I, J)**? )*C3+C4*E( I, J)* (C1-C2 )/RHO( I,J)
> )*GM1(I,J)*RJyY
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BM(2,2)=(-U(I,J)*C3+C4*U(I,J)*(C2-GMl(I,J)/GAMMA(I,J)*Cl))
"*GM1(IJ)*RJYY
BM(2,3)--I-(V(I,J)*C3+C4*V(I,J)*(C2-GMl(I,J)/GAMMA(I,J)*Cl))
"*GM1(I,J)*RJYY
BM(2,4)=(C3+C4*(Cl-C2))*GMl(I,J)*RJYY

BM(ik3, 2 )=ETAX( I, J)RYY/RHO( I, J)
BM( 3.3)=ETAY( I, J)*RJYY/RHO( I,J)

BM( 3, 4)=O.
CALL SZERO(4,CM)
CALL JACOB(l,A,I+l,J)
CALL MMM(4,PINV,A,PA)
CALL MMM(4,ALI,PA,PIA)
DO 20 M=1,4
DO 20 N=1,4
CM(M,N)=-~TAUD*PIA(M,N)

20 CONTINUE
DO 971 M=1,3
DO 971 N=1,4

971 CM(M,N)=O.DO
C*

CALL MMM(4,AL1,PINV,AL2)
DO 952 M=1,4

952 DMl(M)=DQ(I,J,M)
CALL MMV(4,AL2,DM1,DM)

TON=(E( I, J)/RHO( I, J)-O. 5*GMI( I, J)/GAMMA(I, J)* (U( I,J) **2
>+V(I,J)**2) )/CV(I,J)

PON=P(I,J)*(TON/TT)**(GAMMA(I,J)/GM1(I,J))
DM(1)= (TO-TON)
DM(2)= (PO-PON)
DM(3)= -VN(I,J)
GOTO 49

45 CONTINUE
CALL SZERO(4,AM)
CALL SZERO(4,BM)
CALL SZERO(4,CM)
DO 46 M=1,4
DM(M)=0.
BM (M, M) =1.0

46 CONTINUE
49 CONTINUE

CALL, EEL(I,4,IL,EE,EL,AM,BM,CM,DM,IN,AL,BE)

C* INTERIOR NODES
C*

DO '70 I=2,IL1
TAUD=O. 5D0*DELTAU( I ,J) *THETA/EXI
TAUD2=2.TU
1M11i-1
IPI=I+1
CALL PRECON(I,J,PRE)
CALL JACOB(1,A,IMl,J)
CALL DHDQ(D,I,J)
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DO 902 MM=l,4
DO 902 NN=l,4
PPDI(MM",NN)=PRE(MM,NN)-TAJD2*D(MM,NN)

902 CO-NTINUJE

CALL, MMM(4,PlNV,A,PA)
CALL, SMM(4,TAUD,PA,AM)
CALL, SZERO(4,BM)
DO 50 M=1,4

50 BM(M,M)=BM(M,M)+l.
CALL TACOB(1,A,IP1,J)
CALL MMM(4,PINVA,PA)
CALL SMIM(4, -TAUD,PA,CM)
DO 961 M=1,4

961 DM1 (M)=DQ( I, J,M)
CALL MMV(A,PINV,DM1,DM)

C

CALL EEL(I,4,IL,EE,EL,AM,BM,CM,DMIIN,AL,BE)
70 CONTINUE

C* DOWNSTREAM BOUDARY CONDITION AT 11IL

TAUD=DELTAU( I,J) *THETA/EXI
CALL JACOB(1,A,I-1,J)
CALL DHDQ(D,I,J)
CALL PRECON( I,J, PRE)
DO) 903 MM=1,4
DO 903 NN=1,4
PPD(MM, NN)=PRE(MM,NN)-TAUD*D(MMNN)

903 CONTINUE
CALFL INVER(4,PPD,PINV)
IF(ISUP.EQ.l.OR.ISUP.EQ.3) GO TO 75
CALL EIGEN(1,AL1,I,J)
DO 71 N=1,4

71 ALl(4,N)=0.ODO
CALL MMM(4,AL1,PA,AM1)
CALL SMM(4,TAUD,AM1,AM)
CALL -JACOB(1,A,I,J)
CALL MMM(4,PINV,A,PA)

C Do 78 M=1,4
* C DO 78 N=1,4

C 78 A(M,N)=A(M,N)-D(M,N)
CALL MMM(4,AL1,PA,BM)
DO 72 M=1,4
DO 72 N=1,4

72 BM(M,N)=BM(M,N)*TAUD+ALl(M,N)
BM(4,1)=0.5*(U(I,J)*U(I,J)+V(I,J)*V(I,J))
BM(4,2)=-U( I,J)
BM(4, 3)=-V( I,J)
BM(4, 4)=l.
CALL SZERO(4,CM)
CALL MMM(4,AL1,PINV,AL2)
Do 73 M=1,4
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DM(M)=0.
DO 73 K=1,4

73 DM(M)=DM(M) +AL2 (M, K) *DQ( I,/J,K)
IF(PB.NE.0.DO)THEN

ENDIF
GO TO 95

75 CONTINUE
CALL MMM(4,PINV,A,PA)
CALL SMM(4,TATJD,PA,AM)
CALL JACOB(l,A,I,J)
CALL MMM(4,PINV,A,PA)
CALL SMM(4,TAUD,PA,BM)
DO 80 M=1,4

80 BM(M,M)=BM(M,M)+1.
CALL SZERO(4,CM)
DO 90 K=1,4

90 DMl(K)=DQ(I,J,K)
CALL MMV(4,PINV,DM1,DM)

95 CONTINUE
CALL EEL(I,4,IL,EE,EL,AM,BM,CM,DM,IN,AL,,BE)

C*
C* SOLVE 4*4 BLOCK TRIDIAGONAL SYSTEM
C*

CALL SOLU(W,IL,4,EE,EL)
DO 100 I=l,IL
DO 100 K=1,4
DQ( I, J,K)=W(K, I)

100 CONTINUE
C* MULTIPY DQ BY I-DT*D
C 12=IL
C IF(ISUP.EQ.O)I2=ILl
C DO 200 I=2,I2
C CALL SZERO(4,BM)
C CALL DHDQ(D,I,J)
C DO 120 M=1,.4
C BM(M,M)=BM(M,M) +1.0
C DO 120 N=1,4
C BM(M,N)=BM(M,N)-DELTAU(I,J)*D(M,N)
C 120 CONTINUE
C DO 140 K=1,4
C DM(K)0O.
C DO 140 N=1,4
C DM(K)=DM(K)+BM(K,N)*W(N,I)
C 140 CONTINUE
C DO 160 K=1,4
C 160 DQ(I,J,K)=DM(K)
C 200 CONTINUE

RETURN
END

C----------------------------------------------------------------------
SUBROUTINE COEFY( I)

C* SETTING COEFFICIENTS FOR LY-OPERATOR
C*
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IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZl150,JZ=l0O)1
COMMON,,'VECTOR/DQ( Z, JZ, 4) ,Q( IZ, JZ, 4), F( IZ, JZ, 4) ,G( IZ, JZ, 4),

P( IZ, JZ) ,U( IZ, JZ) ,V( IZ, JZ) ,UN( IZ, JZ) ,VN( IZ, JZ)
COMIMON/COORD/SAIX( IZ, JZ) ,SA1Y( IZ, JZ) ,ETAX( IZ, JZ) ,ETAY( IZ, JZ)

,RJ( IZ,JZ) ,X( IZ,.JZ) ,Y( IZ,JZ) ,DELTAU(IZ,JZ)
,ZMUT(IZ,JZ)
,AREA( IZ) ,ZMUJ(IZ,JZ) ,Al(IZ,.JZ) ,A2(IZ,JZ),A3(IZ,JZ) ,A4(IZ,JZ)

CCMMON,/CONST/AIN,ATH,RL, EXI ,EYI ,OMEGAX,OMEGAY,CFL,THETA, P0,TO,
PRNT,PB,RM1,.SUM(4),ZMUO,REN,PRN,TWALL,TREF,COND

COMMON/CONST1/CP(IZ,JZ),CV(IZ,JZ),GAMMA(IZ,JZ),GM1(IZ,JZ) ,RGAS
COMIMON/INTEG/IL,JL,IL1,JL1,NEND,NEEG,NADV,ITIME,ISUP,IVISC,IWALL
DIMENSION RHO(IZ,JZ) ,RHOU(IZ,JZ) ,RHOV(IZ,JZ),E(IZ,JZ)
EQIJIVALENCE(Q(l,l,l),RHO(l,1)),(Q(1,i,2),RHOU(l,l)),

DIMENSION IN(4) ,EE(4,4,JZ),EL(4,JZ),W(4,JZ)
DIMENSION AM(4,4) ,BM(4,4),CM(4,4),DM(4)
DIMENSION AL(4,4) ,BE(4)
DIMENSION B( 4,4) ,BLi (4,4) ,D( 4,4), A( 4,4)

DIMENSION AMJL(4,4),BMJL(4,4),CMJL(4,4),DMJL(4)
DIMENSION PINV(4,4) ,PPD(4,4) ,PRE(4,4) ,PINVl(4,4) ,PPDJLl(4,4)
,PID(4,4),PIA(4, 4),PIB(4,4),DMI(4),DM2(4),DM10(4),DM20(4)

C* ON THE CENTER LINE OF THE NOZZLE AT J=l
C *

CALL SZERO(4,AM)
CALL SZERO(4,BM)
DO 20 M=1,4
DM(M)0O.
BM(M, M)=BM(M, M) +1.0

20 CONT INUE
CALL SZERO(4,CM)
CALL EEL(J,4,JL,EE,EL,AM,BM,CM,DM,IN,AL,BE)

C* INTERIOR NODS

DO 80 J=2,JL1
TAUD=O. 5DO*DELTAU( I, J)*THETA/EYI
TAUD2=2. *TAIJD
JM1=J- 1
JP1=.J+1
CALL JACOB(2,B,I,JM1)
CALL PRECON(I,J,PRE)
CALL DHDQ(D,I,J)
DO 904 MMv=l,4
DO 904 NN=l,4
PPD(MM,NN)=PRE(MM,NN)-TAUD2*D(MM,NN)

( )Q4 CONTINUE
CALL INVER(4,PPD,PINV)
CALL MMM(4,PINV,B,PIB)
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CALL SMM(4,TAUD,PIB,AM)
CALL SZERO(4,BM)
DO 60 M=1,4

60 BM(M,M)=BM(M,M)+l.
CALL ZA-COB(2, B,I,JPl)
CALL ?M(4,PINV,BPIB)
CALL, SMN(4..-TAIUD,PIB,Cm)

C*
C* INSERT VISCOUS JACOBIAN LHS HERE

IF( IVISC.EQ. l)THEN
CALL VJACOB(A,B,D,I,J)

CALL MMM(4,PINV,APIA)
CALL MVMM(4,PINV,B,PIB)
CALL MMM(4,PINV,D,PID)

DO 68 M=1,4
DO 68 N=1,4
AM(M,N)=AM(M,N)-DELTAU(I,J)*PIA(M,N)
BM(M,N)=BM(M,N)±DELTAU( I, J)*PIB(M,N)

68 CM(M,N)=CM(M,N)-DELTAU( I,J)*PID(M,N)
ELSE
END IF
DO 70 K(=1,4

70 DM(K)=DQ(I,J,K)
CALL EEL(J,4,JL,EE,EL,AM,BM,CM,DM,INAL,BE)

80 CONTINUE

C* WALL BOUNDARY CONDITION

CH0I J=JL
CHOI TAUD=THETA*DELTAU( I, J)/EYI
CHOI IF(IVISC.EQ.l)GOTO 11l
CHOI CALL SZERO(4,AM)
CHOI CALL JACOB(2,B,I,J-l)
CH01 CALL EIGEN(2,BLI,I,J)
CHOI DO 90 M=1,3
CH01 DO 90 N=1,4
CHOI DO 90 K=1,4
CR01 90 AM(M,N)=AM(M,N)+TAUD*BLl(M,K)*B(K,N)
CH0I CALL SZERO(4,BM)
CH01 CALL JACOB(2,B,I,J)
CHOI CALL DRDQ(D,I,J)
CHOI DO 100 M=1,3
CHOI DO 100 N=1,4
CH01 BM(M, N)=BM(M,N) +BLl (M,N)
CH0I DO 100 K=1,4
CHOI BM(M,N)=BM(M,N)+TAUD*BLl(M,K)*(B(K,N)-D(K,N))
CR01 100 CONTINUE
CR0OI
CHOI

J=JL
TAUJL=DELTAU( I, JL)
TAUJM=DELTAU( I, JLI)
CALL PRECON(I, JL1,PRE)
CALL, DHDQ(D, I,jL1)
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Do 905 MM=l,4
DO 905 NN=1,4
PPDJL1 (MM. NN)=PRE(MM, NN) -TAUJM*D(MM, NN)

90~5 CONTINUE
CALL PRECON(IJL,PRE)
CALL DHDQ(D,I,JL)
DO 906 MMl1,4
DO 906 NN=1,4
PPD(MM, NN)=PRE(MM, NN) -TAUJL*D(MM, NN)

906 CONTINUE
IF(:VISC.EQ.1) GOTO 111
CALL SZERO(4,AMJL)
CALL JACOB(2,B,I,J-l)
CALL EIGEN(2,BL1,I,J)
DO 1105 N=1,4
BLI (4,N)0O.DO

1105 CONTINUE
DO 1101 M=1,4
DO 1101 N=1,4
AMJL(M,N)=-TAUJL*(PPDJL1(M,N)-2 .DO*TAUJM*B(M,N))

1101 CONTINUE
CALL MM?4(4,BL1,AMJL,AM)
CALL SZERO( 4, BMJL)
CALL JACOB(2,B,I,J)
DO 1201 M=1,4
DO 1201 N=1,4
BMJL( M, N)=TAtJJM* (PPD( M,N) +2.DO*TAUJL*B (M, N) )

1201 CONTINUE
CALL MMM(4,BL1,BMJL,BM)
CALL SZERO(4,CM)
DO 1501 MM1=,4
DM1(MM)=DQ( I, JL,MM)

1501 CONTINUE
DO 1502 MM=1,4
DM2(MM)=DQ( I,JL1,MM)

1502 CONTINUE
CALL MMV(4,PPD,DM1,DM1O)
CALL MMV(4,PPDJL1,DM2,DM2O)
Do 1300 M=1,4
DMJL(M)=TAUJM*DM1O(M) +TAUJL*DM2O(M)

1300 CONTINUE
CALL MMV(4,BL1,DMJL,DM)

CHO I
CH-OI

BM(4, 1)=-VN( I,J)
BM(4,2)=ETAX(I,J)
BM(4, 3)=ETAY( I, J)
BM(4, 4)=O.
CALL SZERO(4,CM)

CHOI DO 110 M=1,3
CHOI DM(M)0O.
CHOI DO 110 K=1,4
CHOI DM(M)=DM(M)+BL1(M,K)*DQ(I,J,K)
CHOI 110 CONTINUE

DM(4)=0.

33



FILE: AX12DV FOR Al VM/SP CMS 4-8602 (02/02/88) -- THE PENNSYLVANIA STAT

GOTO 119
Ill CONTINUE

CALF, S2ERO(4,AM)
CALL, -3ERO(4,BM)
CALL SZERO(4,CM)
DO 113 M=1,4
DM(M)=O.

113 BM(M,M)=1.O
119 CONTINUE

CALL EEL(J.,4,JL,EE,EL,AM,BM,CM,DM,IN,AL,BE)
C*
C* SOLVE 4*4 BLOCK TRIDIAGONAL MATRICS

CALL SOLU(W,JL,4,EE,EL)
DO 120 J=1,JL
DO 120 K=1,4

120 CONTINUE
RETURN
END

C----------------------------------------------------------------------
SUBROUTINE FLUXCL

C* SUBROUTINE FOR FLUX VECTOR CALCULATION

C* ********************************************* *******

IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZ=150, JZ=100)
COMNON\/VECTOR/DQ( IZ, JZ, 4) ,Q( IZ, JZ, 4), F( IZ,JZ, 4) ,G( IZ, JZ, 4),

>P( IZ, JZ) ,U( IZ, JZ) ,V( IZ, JZ) ,UN( IZ, JZ) ,VN( IZ, JZ)
COMMON/COORD/SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,JZ)

-, ,RJ(IZ,JZ),X(IZ,JZ),Y(IZ,JZ),DELTAUJ(IZ,JZ)
>ZMUT( IZ,,JZ)
AREA(IZ),ZMU(IZ,JZ),Al(IZ,JZ),A2(IZ,JZ),A3(IZ,JZ),A4(IZ,JZ)

COMMON/CONST/AIN, ATH, RL, EXI, EYI, OMEGAX, OMEGAY, CFL, THETA, P0, TO,
> PRNT,PB,RM1,SUM(4),ZMUO,REN,PRN,TWALL,TREF,COND

COMMON/CONST1/CP(IZ,JZ) ,CV(IZ,JZ),GAMMA(IZ,JZ),GM1(IZ,JZ),RGAS
COMMON/INTEG/IL,JL, 1L1,JL1,NEND,NBEG,NADV, ITIME, ISUP, IVISC, IWALL
DIMENSION RHO(IZ,JZ) ,RHOU(IZ,JZ) ,RHOV(IZ,JZ),E(IZ,JZ)
EQITVALENCE(Q(1,1,1),RHO(1,1)),(Q(1,1,2),RHOU(1,1)),

C ***** * * *** ** ***** ************** *********** *******

ENTRY FLUX

C* COMPUTE CONVECTIVE TERMS

DO 10 I=1,IL
DO 10 J=1,cJL

F(I,J,2)=RHO(I,J)*UN(I,J)51(,PIJ)RJ(I,J)*Y(I,J)
F(I,J,3)=(RHOV(I,J)*UN(I,J)+SAIY(I,J)*P(I,J) )/RJ(I,J)*Y(I,J)

FI, J,4)=(E( I,J) 4P(I, J) )*EN( I,J)/RJ( I,J) *Y( I,J)
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Ct (I,J,4)=(E(I,J)+P(I,J) )*VN(I,J)/RJ(I,J)*Y(T,J)
10 CONTINUE

RETURN
C-VS(J FLUX VECTOR

FMTRY VELUX
5o) 30 I=2, IL
DO 30 J=2,JLl
.11 1 j + 1
Jm~lj-l
z NUP=0. 5* (ZMU( I, J)+ZMU( I,JPl))
ZNUM0.5(ZMU(I,J)+ZMU(I,JM1))
IF(PRNT.EQ.O.DO) THEN
GAMP=0.5* (GAMM~A( I,J) +GAMMA( I,JPl))
GAMM0.5* (GAMNA( I,J) +GAMMA( I, JMl))
CGKCPP=ZMUP *GAMP/PRN
GKCPM=ZMUTM*GAMM/PRN
EL SE
ZMUTP = 0.5*(ZMUT(I,JPl)+ZMUT(I,J))
ZMUTM =O.5*(ZMTJT(I,JMl)+ZMUT(I,J))
ZMULP = ZMUP - ZMUTP
LZMULM = ZMUM - ZMUTM
GArIP=0. 5* (GAMMA( I, J)+GAMMA( I, JP1))
GAMMO0.5* (GAMMA( I,J)+GAMMA( I, JM1))
GIKCPP = GAMP* (ZMULP/PRN+ZMUTP/PRNT)
GKCPM =GAMM*(ZMULM/PRN+ZMUTM/PRNT)
END IF
YYP=0.5*(Y(I,J)+Y(I,JPl))
YYM05*(Y(IJ)+Y(IJMl))
YZP=YYP *ZMUP
YZM=YYM* ZMUM
AAPI=A1( I,J)*YZP
AAM1=A1(I, JMI.) *YZM
AAP2=A2( I,J)*YZP
AAM2=A2 (I ,JMl )YZM
AAP3=A3( I, J)*YZP
AAM3=A3 (I, JM1 )*YZM
AAP4=A4 (I ,J) *YYP*GKCPP
AAM4A4 (I ,JM ) *YY*GKCPM
UP=U(I, JP ) -U( I,J)
UM=-U( I,JM1)+U(I ,J)
VP=V(I, JPl)-V( I,J)
VM=V( I,J)-V( I,JM1)
EPP=E( I, JPl)/RHO( I, JP1 )-E( I,J)/RHO( I,J)
ERM=E( IJ)/RHO( I, J)-E( I, JM1)/RHO( I, JMl)
U2P=TJ(I,JPl)**2-U(I,J)**2
U2M=U(I,J)**2-U(I,JM1)**2
V2P=V( I, JP1)**2-V( I,J)**2
V2M=V( I, J)**2-.V( I,JM1 )**2
UVPU(I, JPl)*V( I, JP1)-U( I, J)*V( I,J)
U\71 Iu( I J)*V( I, J)-U( I, JM1)*V( I,JM1)
G( I,J, l)=0.
G( I,J,2)=(AAP1*UP-AAMl*UM)+(AAP2*VP-AAM2*VM)
G( I,J, 3 )(AAP2*UP-AAM2*UM)+(AAP3*VP-AAM3*VM)
G(I,,J,4)=(AAP4*ERP-AAM4*ERM)+O.5*((AAPl-AAP4)*U2P-
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(AAMI-lAAM4)*U2M)+.5*((AAP3AAP4)*V2P(AAM3-AAM4)*V2M)+
N(AAP2*UVP-AAM2*UVM)

C* INSERT THE EXTRA FIRST ORDER TERMS IN CYLINDRICAL COORDINATE
C"* SYSTEMS

EYJ-ETAY( I, J)/RJ( 1,J)
EXJ=ETAX I, J)/RJ( I,J)
DMTJV=O.5* (ZM'U(I, JF ) V( I, JP ) -ZMU( I,JMl )*V( I,JMl))

DMUjV2=0.5* (ZMU( I,JPI.) V(I, JP ) **2-.ZMp( I, JM ) *V( I,JMl )**2)
DMUU V=O.5* (ZMU( I,JPl ) *J(I, JP ) *V( I,JPl) -

* ~ZMU( I, JMl)*Ti(I, JMl )*V( I,JMl))

DDMU=O.5* (ZMU( I, JP1 )-ZMU( I, JMl))
0(1,J,2 )=G( 1,,2 )-2 .73. *EXJ*DMJV
G(I,J3,3)=G(I,J,3)+2./3.*(ZMU(I,J)*EXJ*DDU-V(I,J)*EYJ*DDMU)
G( I,J,4)=G(I,J,4)-2./3.*(EYJ*DMV2+EXJ*DMUJV)

30 CONTINUE
RETURN
END

C-------------------------------------------------------------------------
C ** RIGHT HAND SIDE CALCULATION
C----------------------------------------------------------------------

SUBROUTINE RHSCL
C

IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZ=l50, JZ=lOO)
COIr'!ON/VECTOR/DQ( Z, JZ, 4), Q( IZ, JZ, 4), F( IZ, JZ, 4), G( IZ, JZ, 4),

>P( IZ, JZ) ,U( IZ, JZ) ,V( IZ, JZ) ,UN( IZ, JZ) ,VN( IZ, JZ)
COMMON /COORD/SAIX( IZ, JZ) ,SAIY( IZ, JZ) ,ETAX( IZ, JZ) ,ETAY( IZ, JZ)

>RJ( IZ, JZ) ,X( IZ, JZ) ,Y( IZ, JZ) ,DELTAU( IZ, JZ)
>,ZMUT( IZ,JZ)

COMVMON/CONST/AIN,ATH, RL,EXI ,EYI ,OMEGAX,OMEGAY[,CFL,THETA,PO,TO,
> PRNT,PB,RM1,SUM(4),ZMUO,REN,PRN,TWALL,TREF,COND

COMMON,/iCONSTl/CP( IZ,JZ) ,CV( IZ,JZ),GAMMA( IZ,JZ),GMl(IZ,JZ) ,RGAS
COMMON/INTEG/IL,JL,IL1,JL1,NEND,NBEG,NADV,ITIME,ISUP,IVISC,IWALL
DIMENSION RHO( IZ, JZ) ,RHOU( IZ, JZ) ,RHOV( IZ, JZ) ,E( IZ, JZ)
EQUJTVALENCEQ( 1, 1,1) ,RHO(l, 1)), (Q(l, 1,2) ,RHOU(1, 1),

>(Q( 1, 1,3) ,RHOV(l, 1) ),(Q(l, 1,4) ,E(l, 1))

ENTRY RHS
CALL FLUX
EXTII=2.*EXI
FYI I=EYI*2.
DO 10 I=-l,IL
DO 10 J=l,JL
Do 10 K=1,4

10 DQ(I,J,K)-O.
I~l
Do) 30 J=1,JL
Do 20 K=1,4

C 20 DQ(1,J,K)=DQ(I,J,K)+(-3.*F(I,J,K)+4. *F(I+1,J,K)-
C > F(I*2,J,K))/EXII
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WF(T.E-Q.1.OR.J.EQ.JL) GO TO 30
DC- 25 -'K1,4

22 F> ,J, K)=DQ(I,J,K)+(G(I,J+l,K)-G(I,J-1,K))/EYII
30) C,).'INUE

C,~ I =1 ,I L
C0o 40 K=1,4

O G(IJ+2,K))/EYiI

TU' ( ;FQ1OR.IEQ.IL) GO TO 50

f)( 45 K=1l,4
35 0

( ij,K)=DQ(I,J,K)+(F(I+1,J,K)-F(I-1,J,K))/EXII

-'0 7= 1,JL
D 60 K= 1,4

3. *F( I,JK) )/EXII

i' ( EQ.1.OR.J.EQ.JL) GO TO 70
£ 6-5 K=1,4

70 C~fT I lUE
1L

DO90 I~1, IL
TDc 80 K~1, 4

3.*G( I, J,K) )/EYII

D ,Q( I, J,K)=DQ( I,J, K)+ (G( I,J, K)-G( I, J-1, K) )/EYI
UI.EQ2.!.OR.I.EQ.IL) GO TO 90
85 K=1,4

29 04 1, J,K)=DQ(I,J,.K)+(F(I+l J,K)-F(I-l,J,K) )/EXII
90 C,')ITINUE

DO 100 1=2. ILl
DO 100 .3=2, JL1

7 F' 1 =:J + 1

Do 100 K1, 4
DQ) (Vj,K)=DQ(I,JT,K)+(F(IP1,J,K)-F(IM1,J,K))/EXII+

(G(I,JP1,K)-G(I,JMl,K))/EYII

D,- 200 I=1,IL
Do 200 J=2,JL
DQ)(I,J3,3)=DQ,(I,J,3)-P(I,J)/RJ(I,J)

200 C:ONT' I NtE
RE'I'IRN

(., IJSC>)TJS RIGHT HAND SIDE

'Nhl2RY VRHS
CAM, VFLTJ;
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DO 300 I=2,IL
DO 300 J=2.,JLl

DO 300 K=.1,4
300 DQ( I, J, K)DQ( I, J,K)-G( I, J,K)

RETURN
END

C

C SERVICE SUBROUTINE
C

SUBROUTINE SUPPLY
IMPLICIT R -AL*8(A-H,O-Z)
PARAMETER (IZ=150,JZ=lO0)
COMMON/VECTOR/DQ( IZ, JZ, 4) ,Q( IZ, JZ, 4), F( IZ, JZ, 4) ,G( IZ, JZ, 4),

P( IZ, JZ) ,U( IZ, JZ) ,V( IZ, JZ) ,UN( IZ, JZ) ,VN( IZ, JZ)
COMMON/COORD/SAIX(IZ,JZ,SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ..JZ)

,RJ( IZ,JZ) ,X(IZ,JZ) ,Y(IZ,JZ) ,DELTAU(IZ,JZ)
- MUT( IZ, JZ)
,AREA( IZ) ,ZMU(IZ,JZ) ,AI(IZ,JZ) ,A2(IZ,JZ),A3( IZ,JZ),A4(IZ,JZ)

COLIMON/'CONST/AIN,ATH, RL, EXI ,EYI ,OMEGAX,OMEGAY,CFL,THETA, PO,TO,
> PRNT,PB,RM1,SUM(4),ZMUO,REN,PRN,TWALL,TREF,COND

COMMON/CONST1/CP(IZ,JZ),CV(IZ,JZ),GAMMA(IZ,JZ),GM1(IZ,JZ),RGAS
COMMON/TNTEG/IL,JL,ILl,JLl,NEND,NBEG,NADV,ITIME,ISUP,IVISC,IWALL
DIMENSION RHO( IZJZ) ,RHOU(IZ,JZ) ,RHOV(IZ,JZ) ,E(IZ,JZ)
EQUIVALENCE(Q(1, 1,1) ,RHO(1, 1) ),(Q( 1,1,2) ,RHOU( 1, 1),
> * ** ** *** ** ** ** ** ** **** ** ** ** ** ** ** *** ** **

DIMENSION SS(4),SSl(4),SS2(4)
ENTRY CHECK
DO 10 K=1,4
SS (1K)0O.DO

10 SS2(K)=0.DO
IF( IVISC.EQ. l)THEN
JEND=JL1
ELSE
JEND=JL
ENDI F
IF( ISUP.E '.3 )THEN
IBEG=2
ELSE
IBEG=1
END IF
DO 20 I=IBEG,IL
DO 20 J=2,JEND
DO 20 K=1,4

C IF(QQ.EQ.O.DO)GO TO 20
SS1( K)=SS1( K) +(D( I, J,K) *RJ( I, J)/Y(I, J))*
SS2 (K)=SS2 (K) +QQ**2

20 CONTINUE
Do 30 K=1,4

30 SS(K)=DSQRT(SS1(K)/SS2(K))
WRITE( 19, 500)NADV, (SS(K),K=1, 4)

500 F0RMAT( 15,3X,4(1X,E14.7))
RETURN
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N ASS
- RCOS(-1.DO)

F 9() 1=1, IL

C\iDSQRT(SAIX(I,J)**2+SATY(I,J)**2)
CQ :Y 1=DSQRT(SAIX( I, J+l)**2+SAIY( I, J+14**2)
E-R''F2L RT+0.5*PPI*(Y(I,J+l)+Y(I,J))*DELR

* (RHO( I,J+l)*UN(I,J+l)/CXCYl+RHO(I,J)*UN(I,J)/CXCY)

, 2 iTF(22,789)I,FLRT
C9 CA.NUE

/OUTPUT
T(2 2, 55 0 )NADV
i.-T(//l0(lH*)/' NADV=',15//)
S1=1, IL

,2T= l,JL
'I - (IJ)/RHO(I,J)-GM1(I,J)*0.5/GAMMA(I,J)*(U(I,J)**2+

,(IJ)**2))/CV(I,J)

- 'QRT( (U(I,J)*U(I,J)+V(I,J)*V(I,J) )/GAMMA(I,J)

:> t--L(T J)*(ST/TT)**(GAMMA(I,J)/GMl(I,J))

!'fF(18,607 )X( I,J) ,Y( I,J) ,P( I,J) IRMA,TT, SP

C "PF-(6,600)I,J,RZHO(I,J),U(I,J),V(I,J),E(I,J),ST

,.L 7A(6,5(X,ElJ))(,)V(IJP

i 'HE LAST TWO LINES

DC) 55 J=l,JL
§5 DR!TrE(68) (Q(I,J,K),K=l,4)

:Vi JRN

~rl 1' ARY SUBROUTINES

.SUBROUTINE EEL(J,MM,JMAX,E,EL,AM,BM,CM,DM, IN,AL,BE)
IMPLICIT REAL*8 (A-H,O-Z)
DIMENSION INI(Ivl),E(M,MM,JMAX),EL(vff,JMAX)
DIMENSION AM(MM,rVUV),BM(!MT,MM),CM(MM,MM),DM(MM)
DIMENSION AL(MM,MM),BE(MM)
DoC 30 M=1,MM
T',- 0. ODO
Dn 20 N=1,MM
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TlI=O.ODO
IF(J.EQ.I)GO TO 10
TP=TP+AM(M,N)*EL(N,J-1)
DO ; K=1.MM

5 TlI=Tl+AM(M,K)*E(K,N,J-I)
10 CONTINUE

AL(M,N)=BM(M,N)-TI
20 CONTINUE

EL(M,J)=DM(M)+TP
30 CONTINUE

DO 50 M=1,MM
DO 40 N=1,MM

40 E(M,N,J)=CM(M,N)
50 CONTINUE

CALL AXB(MM,MM,AL,E(1,1,J),BE,0,IN)
CALL AXB(MM,1,AL,EL(1,J),BE,1,IN)
RETURN
END

C . . . .. .
SUBROUTINE SOLU(W,JMAX,MM,E,EL)
IMPLICIT REAL*8(A-H,O-Z)
DIMENSION W(MM,JMAX),E(MM,MM,JMAX),EL(MM,JMAX)
DO 40 M=1,MM
W(M, JMAX)=EL(M, JMAX)

40 CONTINUE
DO 50 JI=2,JMAX
J=JMAX+1-JI
DO 46 M=1,MM
SUM=O.ODO
DO 44 K=1,MM
SUM=SUM+E(M,K,J)*W(K,J+1)

44 CONTINUE
W(M,J)=SUM+EL(M,J)

46 CONTINUE
50 CONTINUE

RETURN
END

C----------------------------------------------------------------------
SUBROUTINE AXB(NM,A,B,X, INIT, IPS)
IMPLICIT REAL*8 (A-H,O-Z)
DIMENSION A(N,N),B(NM),IPS(N),X(N)
IF(INIT.EQ.0)CALL DECOMP(N,A, IPS)
DO 10 I=I,M
CALL SOLV(N,A,B(1,I),X,IPS)

10 CONTINUE
RETURN
END

C----------------------------------------------------------------------
SUBROUTINE DECOMP(N,UL, IPS)

IMPLICIT REAL*8 (A-H,O-Z)
DIMENSION UL(N,N),IPS(N)
DO 5 I=I,N
IPS(I)=I

5 CONTINUE
NMI=N-1
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1, NMl

f:K, N
T)

BIG)ll, 11,10
10 1- -1-

ii&1V-1K) 14, 15, 14

V19TiS(IDXPIV)

i: s (K)
T j 1, ~KP,K)

!KP1,N

- (TP,IK)/PIVOT

J-KPl,N
* 'J)=1L(IP,J)+EM*UL(KP,.J)

11 ~~ ( -j

_TNE L(N,U,BN,X(IP)ISN

2 1-2,N

%T)

G DO
j= 1 ,Iml

1 -:ii II+UL (IP, J) *X(J)
2 >71 I)=B(IP)-SUJM

r4 IBACK=2,N
17- IBACK

F's fS( I)

K11 - ODO
Do 3 J=IP1,N

3 S'TP/-S 1'JM4UL( IP,J)*B(J)
4 R(j)=(X(I)-SJMv)/UL(IP,I)

F 3:TTJRN
F IL)

C-----------------------------------------------------------------
c 'Fl' ZERO FOR MATRIC (M,M)

S-jB -()TTINF SZERO(M,A)
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IMPLICIT REAL*8(A-H,O-Z)
DIMENSION A(M,M)
DO 10 I=I,M
DO 10 J=I,M
A(I,J)=O.ODO

10 CONTINUE
RETURN
END

C--------------------------------------------------------------------
C SCALAR*METRIC (M,M)

SUBROUTINE SMM(M,C,A,B)
IMPLICIT REAL*8(A-H,O-Z)
DIMENSION A(M,M),B(M,M)
DO 10 I=1,M
DO 10 J=1,M
B(I,J)=C*A(I,J)

10 CONTINUE
RETURN
END

C . . . . . . . . . . . . . .
C METRIX*METRIX (M*M)

SUBROUTINE MMM(M,A,B,C)
IMPLICIT REAL*8(A-H,O-Z)
DIMENSION A(M,M),B(M,M),C(M,M)
DO 10 I=1,M
DO 10 J=1,M
C(I,J)=O.ODO
DO 10 K=1,M
C(I,J)=C(I,J)+A(I,K)*B(K,J)

10 CONTINUE
RETURN
END

C*

SUBROUTINE SYH(IL, IU,BB,DD,AA,CC)
IMPLICIT FZAL*8(A-H,O-Z)
DIMENSION AA(1),BB(1),CC(1),DD(1)

C....
C... SUBROUTINE SYH SOLVES TRIDIAGONAL SYSTEM BY ELIMINATION
C.... IL = SUBSCRIPT OF FIRST EQUATION
C.... IU = SUBSCRIPT OF LAST EQUATION
C. ... BB = COEFFICIENT BEHIND DIAGONAL
C... DD = COEFFICIENT ON DIAGONAL
C. ... AA = COEFFICIENT AHEAD OF DIAGONAL
C. .. CC = ELEMENT OF CONSTANT VECTOR
C....
C... ESTABLISH UPPER TRIANGULAR MATRIX
C....

LP = IL+1

DO 10 I = LP,IU
R = BB(I)/DD(I-1)
DD(I) = DD(I)-R*AA(I-1)

10 CC(I) = CC(I)-R*CC(I-1)
C ...
C... BACK SUBSTITUTION
C.. .
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CC(IU) = CC(IU)/DD(IJ)
Do 20 1 =LP,IU
J = IU-I+IL

20 CC(J) = (CC(J)-AA(J)*CC(J+1))/DD(J)
C ...
C ... SOLUTION STORED IN CC
C ...

RETURN
END

SUBROUTINE INVER(M,A,AINV)
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION A(4,4),B(4,4),AINV(4,4),COF(4,4)
All=A(l, 1)
A12=A(1,2)
A13=A(1,3)
A14=A(1,4)
A21=A(2, 1)
A22=A(2,2)
A23=A(2, 3)
A24=A(2, 4)
A31=A(3, 1)
A32=A(3,2)
A33=A(3,3)
A34=A(3, 4)
A41=A(4, 1)
A42=A(4, 2)
A43=A(4, 3)
A44=A(4, 4)
DET=All*(A22*A33*A44+A23*A34*A42+A24*A43*A32-A24*A33*A42
" A23*A32*A44-A22*A43*A34)-
" Al2*(A21*A33*A44+A23*A34*A41+A24*A43*A3l-A24*A33*A4l

" A23*A3J.*A44-A21*A43*A34)+
" A13*(A21*A32*A44+A22*A34*A4l+A24*A42*A31-A24*A32*A4l

" A22*A3l*A44-A2l*A42*A34)-
" A14* (A21*A32*A43+A22*A33*A41+A23*A42*A31-A23*A32*A41

" -A22*A3l*A43-A21*A42*A33)
COF( 1, l)=A22*A33*A44+A23*A34*A42+A24*A43*A32-A24*A33*A42
" A23*A32*A44-A22*A43*A34
COF(1,2)=-(A21*A33*A44+A23*A34*A41+A24*A43*A3l-A24*A33*A41
" A23*A31*A44-A21*A43*A34)
COF( 1,3 )=A21*A32*A44+A22*A34*A4l+A24*A42*A31-A24*A32*A41
" A22*A3l*A44-A21*A42*A34
COF( 1, 4)=- (A21*A32*A43+A22*A33*A41+A23*A42*A31-A23*A32*A41
" A22*A31*A43-A21*A42*A33)
COF(2, 1)=-(Al2*A33*A44+A13*A34*A42+A14*A32*A43-A14*A33*A42
" Al3*A32*A44-A12*A43*A34)
COF(2,2)=A11*A33*A44+A13*A34*A41+A14*A31*A43-Al4*A33*A41
" A13*A31*A44-All*A43*A34
COF(2,3)=-(Al1*A32*A44+A12*A34*A41+A14*A31*A42-Al4*A32*A41
" A12*A31*A44-All*A42*A34)
COF(2, 4)=A11*A32*A43+A12*A33*A41.A13*A31*A42-A13*A32*A41
" A12*A31*A43-All*A42*A33
COF(3,1)=A2*A23*A44+A3*A24*A42+A14*A22*A43-Al4*A23*A42
" A13*A22*A44-A12*A43*A24
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COF(3,2):=-(All*A23*A44+Al3*A24*A41+Al4*A2l*A43-A14*A23*A41
" Al3*A2l*A44-AJll*A43*A24)
COF( 313)=All*A22*A444+A2*A24*A41+A14*A21*A42-A14*A22*A41
" Al2*A21*A44-Al1*A42*A24
COF(3,4)=-(All*A22*A43+Al2*A23*A41+A13*A21*A42-Al3*A22*A4l
" Al2*A2i*A43-All*A42*A23)
COF(4, 1y=-(A12*A23*A34+Al3*A24*A32+A14*A22*A33-A14*A23*A32
" A13*A22*A34-Al2*A33*A24)
COF(4,2)=All*A23*A34+Al3*A24*A31+A14*A21*A33-A14*A23*A3l
" Al3*A21*A34-AIl*A33*A24
COF(4,3)=-(Al1*A22*A34+Al2*A24*A3l+A14*A21*A32-Al4*A22*A31
" Al2*A21*A34-All*A32*A24)
COF(4,4)=Al1*A22*A33+Al2*A23*A31+Al3*A2l*A32-Al3*A22*A31
" A12*A21*A33-All*A32*A23
AINV( 1, 1)=COF(l, 1)/DET
AINV( 1,2 )=COF(2, 1)/DET
AINV( 1,3)=COF(3, 1)/DET
AINV( 1, 4)COF(4, 1)/DET
AINV(2, 1)=COF(1,2)/DET
AINV(2, 2)=COF(2,2)/DET
AINV(2,3 )=COF(3,2)/DET
AINV(2, 4)=COF(4, 2)/DET
AINV(3, 1)=COF(1,3)/DET
AINV( 3,2 )=COF(2, 3)/DET
AINV(3, 3)=COF(3, 3)/DET
AINV(3, 4)=COF(4, 3)/DET
AINV(4, 1)=COF( 1, 4)/DET
AINV(4, 2)=COF(2, 4)/DET
AINV(4, 3)=COF(3, 4)/DET
AINV(4, 4)=COF(4,4)/DET

C CALL MMM(4,A,AINV,B)
C DO 1 rvMh=1,4
C WRITE(5,10) (B(MM~,NN),NN1,4)
C 1 CONTINUE

10 FORMAT(4D)16.7)
RETURN
END

SUBROUTINE MMV(M,A,B,C)
IMPLICIT REAL*8(A-H,O-Z)
DIMENSION A(M,M),B(M),C(M)
DO 10 I=1,M
C( I)=O.DO
DO 10 K=1,M
C(I)=C(I)+A(I,K)*B(K)

10 CONTINUE
RETURN
END

SUBROUTINE CPGAM(CP,CV,GAMMA,GM1,R,I,J,
>RHO,RHOU,RHOV,E,TCP)

PARAMETER(1Z=150, JZ=100)
IMPLICIT REAL*8 (A-H,O-Z)
COMMON/CPCOFF/ CPA1 ,CP,CPA3. CPA4, CPA5, CPA6, CPA7
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>,CPAB,CPA9,CPA10,ENE( 101)
c----------

IE(TCP.NE.0.0) GOTO 20
UU= RHOU/RHO
VV=RHOV/RHO
EE=E/RH0O.5* (U**2+W**2)
TT=30O.0
IF(EE.LE.ENE(l)) GO TO 20
Do 10 MM=1,101

EA= EE - ENE(MM)
EB= EE - ENE(MM+1)
ESIGN= EA*EB

IF(ESIGN. LE .O.DO)THEN
T1=300 .0+27. 6l1*DFLOAT(MM-1)
T2=300.O+27. 611*DFLOAT(MM)
TTh( T2*EA-Tl*EB)/(EA-EB)
GO TO 20

ELSE
END IF

10 CONTINUE
TT=3061. iDO

20 CONTINUE
IF(TCP.NE.0) TT=TCP

C*

IE(TT.LE. 1000.0)THEN
CP=(CPA6+CPA7*TT+CPA8*TT**2+CPA9*TT**3+CPA1O*TT**4)
CV=CP-R

EL SE
CP=(CPA1+CPA2*TT+CPA3*TT**2+CPA4*TT**3+CPA5*TT**4)
CV=CP-R

END IF
GAMMA=CP/CV
GM1=GAMMA-1 .0
RETURN
END

C* **** ** ** * ** * *

SUBROUTINE CPCOEF
C* *** ** ** ** ** * *

IMPLICIT REAL*8 (A-H,0--Z)
COMMON/CPCOFF/ CPA1, CPA2, CPA3, CPA4, CPA5, CPA6, CPA7

> CPA8,CPA9,CPA10,ENE( 101)
DIMENSION Y(10),A1(10) ,A2(10),A3(10) ,A4(10),A5(10)
>,A6( 10) ,A7( 10) ,A8( 10) ,A9( 10) ,AIO( 10),WM(I10)

DATA RU,WMMIX/8314.3,20.405/

C Co
WM( 1)=28. 010
Y(1)= 0.13108

C C02
WM'(2)44.0
Y(2)= 0.03636

C H
WN (3) =1.0
Y(3)= 0.02387

C H2
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WM(4)=2 .0
Y(4)= 0.15802

C H20
WM(5)=18.0
Y(5)= 0.32366

C NO
WM(6)=30.0
Y(6)= 0.00260

C N2
WM(7)=28.0
Y(7)= 0.30407

CO

WM(8):16.0
Y(8)= 0.00158

C OH
WM(9)=17.0
Y(9)= 0.01744

C 02
WM(10)=32.0
Y(10)= 0.00129

C-------------------------- CO
Al(1)= 0.29840696E+01
A2(1)= 0.14891390E-02
A3(1)=-0.57899684E-06
A4(1)= 0.10364577E-09
A5(1)=-0.69353550E-14

C
A6(1)= 0.37100928E+01
A7(1)=-0.16190964E-02
A8(1)= 0.36923594E-05
A9(1)=-0.20319674E-08
AI0(1)= 0.23953344E-12

C-------------------------- C02
AI(2)= 0.44608041E+01
A2(2)= 0.30981719E-02
A3(2)=-O,12392571E-05
A4(2)= 0.22741325E-09
A5(2)=-0.15525954E-13

A6(2)= 0.24007797E+01
A7(2)= 0.87350957E-02
A8(2)=-0.66070878E-05
A9(2)= 0.20021861E-08
A10(2)= 0.63274039E-15

C-------------------------- H
A1(3)= 0.25000000E+01
A2(3)= 0.00000000
A3(3)= 0.00000000
A4(3)= 0.00000000
A5(3)= 0.00000000

C

A6(3)= 0.25000000E+01
A7(3)= 0.00000000
A8(3)= 0.00000000
A9(3)r 0.00000000
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A10(3)= 0.00000000
C----------------------------- H2

Al(4)= 0.30558123E+01
A2(4)= O.59740400E-03
A3 (4)=-O. 16747471E-08
A4(4)=-O.21247544E-1O
A5(4)= 0.25195487E-14

C
A6(4)= 0.29432327E+01
A7(4)= 0.34815509E-02
A8(4)=-O. 77713819E-05
A9(4)= 0. 74997496E-08
A1O(4)=-0. 25203379E-11

C----------------------------1H20
A1(5)= 0.26340654E+01
A2(5)= 0.31121899E-02
A3(5 )=-0 .90278449E-06
A4(5)= 0.12673054E-09
A5 (5)=-O. 69164732E-14

C
A6(5)= 0.41675564E+01
A7(5)=-O. 18106868E-02
AB(5)= 0.59450878E-05
Ag( 5 )-0. 48670871E-08
AIO(5)= 0.15284144E-11

C---------------------------- NO
Al(6)= 0.31486543E+01
A2(6)= 0.14151823E-02
A3(6)=-0.57574881E-06
A4(6)= 0. 10738529E-09
A5( 6)=-O. 73900199E-14

C
A6(6)= 0.42484931E+01
A7(6)=-0. 48661106E-02
A8(6)= 0.11634155E-04
A9 (6) =-0. 99768494E-08
AIO(6)= 0.30483948E-11

C---------------------------- N2
A1(7)= 0.28536374E+01
A2(7)= 0.16014368E-02
A3 (7) =-0. 62888336E-06
A4(7)= 0.11428932E-09
A5(7)=-0. 77953822E-14

C
A6(7)= 0.37034288E+01
A7(7)=-O.14179405E-02
A8(7)= 0.28625094E-05
A9(7)=-O. 12018374E-08
A10(7)=-0. 13475522E-13

C---------------------------- 0
A1(8)= 0.25342961.E+01
A2(8)=-0. 12478170E-04
AJ (8)=-O. 12562724E-07
A4(8)= 0.69029862E-11
A5(8)=-0. 63797095E-15
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C
A6(8)= 0.30309401E+01
A7(8)=-O.22525853E-O2
A8(8)= C.39824540E-05
A9(8)=-O.32604921E-O8
A1O(8)= 0.10152035E-11

C---------------------------- OH
Al(9)= 0.28897814E+01
A2(9)= 0. 10005879E-02
A3 (9)=-O.22048807E-06
A4(9)= 0.20191288E-10
A5(9 )=-0. 39409831E-15

C
A6(9)= 0.38737300E-01
A7(9)=-0. 13393772E-02
A8(9)= 0.16348351E-05
A9(9)=-O.52133639E-09
A10(9)= 0.41826974E-13

C---------------------------- 02
Al(lO)= 0.36122139E+01
A2(10)= 0.74853166E-03
A3(O)=-O. 19820647E-06
A4(10)= 0.33749008E-10
A5( lO)=-O.23907374E-14

C
A6(10)= 0.37837135E+01
A7( lO)=-O.30233634E-02
A8(l0)= 0.99492751E-05
A9( lO)=-O.98189101E-08
A10(10)= 0.33031825E-11

CPA1=O.D0
CPA2=0.DO
CPA3=O DO
CPA4O .DO
CPA5=O DO
CPA6=O.DO
CPA7O0.DO
CPA8=O DO
CPA9O .DO
CPA1O=O DO
DO 10 J=1,10
CPAl=CPAI+Y(J)*Al(J) *RU/WMMIX
CPA2=CPA2+Y( J) *A2 (J) *RU/WMM~IX
CPA3=CPA3 +Y( J) *A3 (J) *RU/WMMl~IX
CPA4=CPA4+Y( J) *A4( J) *RU/WMMIX
CPA5=CPA5+Y( J) *A5 (J) *RU/WMMlvIX
CPA6=CPA6+Y(J) *A6 (J) *RU/WMM~IX
CPA7=CPA7+Y( J)*A7 (J) *RU/WMM~IX
CPA8=CPA8+Y( J) *A8 (J) *RU/WAf4?MIX
CPA9=CPA9+Y(J) *A9 (J) *RU/WMMIX
CPA1O=CPAIO+Y( J)*A1O( J )*RU/WM4MIX

10 CONTINUE
C ...

R=RU/WMMIX
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DO 20 MM=1,l0l
TT=300. 0+27. 6ll*DFLOAT(MM-1)
IF(TTI.LE.1000.O)THEN

CT =("-PA6+CPA7*TT+CPA8*TT**2+CPA9*TT**3+CPA1O*TT**4)
CV=CP-R
ENF(MM)=CV*TT

ELSE
CP-(CPA±CPA2*TT+CPA3*TT**2+CPA4*TT**3+CPA5*TT**4)
CV=CP-R
ENE(MM)=CV*TT

END IF
20 CONTINUE

RETURN
END

//7DATA. INPUJT DD*
&INPUT IL-1.25,JL=80,NBEG=l,NEND=30,NITER=30,PO=l.D+06,TO=306l.lDO,

CFL=S.0, OMEGAX=0.25,OMEGAY=0.25,RM1=0.04, RM2=l.2,ISUP~l,
AIN=1.O, ATH=O.8, RL=l.3, THETA=l.0,CPO=7152.4853,GAMMA0=l.l7,
IT'IME=l, IREAD=l,FST=O.O0,TWALL=3512.07,FSTY=0.9,PB=0.,
IVISC=1,IWALL=O,PRN=0.7,REN=1.D5,TREF=3000.,ZMU0=0.DO,
PRNThO:. 7D0, COND=0.0,

&END
/7/DATA. ET38FOOl DD DSN=STU. 119500.MYH100.HERMES.CONV.H125M80.VIS,

// DISP=(OLD,KEEP),VOL=REF=STU.Il9500.MYHIOO.LIB,
7/ DCB:(RECFMWVBS, LRECL=8O,BLKSIZE=3120),
7/ SPACE=(TRK,(9,5),RLSE)

7/DATA.FT66F001 DD DSN=STU. 119500.MYH100.HERMES.CON7.RERUN.VIS,
77 DISP=(NEW,KEEP) ,VOL=REF=STU. 119500.MYHl0O.LIB,
* DCB=(RECFM=VBS, LRECL=80,BLKSIZE=3120),

SPACE=(TRK,(9,5),RLSE)
/1/DATA.FTl9FO0i DO DSN=STU. 119500.MYH100.HERI4ES.CONV.DQ.VIS,

77 DISP=(NEW,KEEP),V0L=REF=STU. 119500.MYHlOO.LIB,
7/ DCB=( RECFM=FB, LRECL=80,BLKSIZE=3120),
7/ SPACE=(TRK,(9,5),RLSE)

/,DATA.FTl8FO0l DD DSN=STU. 119500.MYH100.HERMES.CONV.SOLU.VIS,
/ DISP=(NEW,KEEP),VOL=REF=STU.Il9500.MYHIOO.LIB,

7,! DCB=(RECFM=FB, LRECL=130,BLKSIZE=3120),
/7 SPACE=(TRK,(9,5),RLSE)

7/DATA.FT22FO0l DD DSN=STU. 119500.MYH100.HERMES.CONV.MASS.VIS,
7/ DISP=(NEW,KEEP),VOL=REF=STU.Il9500.MYH100.LIB,
7/ OCB=(RECFM=FB,LRECL=130,BLKSIZE=3120),
7/ SPACE=(TRK,(9,5),RLSE)

/7/DATA.FT68FOOl DO DSN=STU. 119500.MYH100.HERMES.CONV.LINE.VIS,
7/ OISP=(NEW,KEEP),VOL=REF=STU.Il9500.MYH100.LIB,
7/ DCB ( RECFM=VBS, LRECL=80, BLKSIZE=3 120),
7/ SPACE=(TRK,(9,5),RLSE)
7/EXEC PROMPTME
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//STIXXXXX JOB
/*JP T=500, L=10000
/EXEC PGM=IEFBRl4

//D DD VOL=REF=STU. 119500.MYHlOO.LIB,DISP=(OLD,DELETE),
1/ DSN=STU.Il9S00.MYHlOO.HERMES2.DIF.SOLU.VIS
7/EXEC FVCG,PARM.SOURCE--'OPT(3)'
/*EXEC FWCG

//SYSIN DD *
C THIS VERSION USES TRUE JACOBIAN

C* PROGRAM NAME: NOZZLE*
C* AXISYMMETRIC SUPERSONIC NOZZLE FLOW*
C* IN GENERAL COORDINATE SYSTEM

C* USING TIME ITERATIVE UW/CD DDADI METHOD*
C* WITH THIN-LAYER APPROXIMATED NAVIER-STOKE'S EQ. *

C* MAIN PROGRAM

IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZ=150,JZ=80',
COMMON/VECTOR/DQ(IZ,JZ,4),Q(IZ,JZ,4),F(IZ,JZ,4),G(IZ,JZ,4),

> P(IZ,JZ),U(IZ,JZ),V(IZ,JZ),,UN(IZ,JZ),VN(IZ,JZ)
COMMON/COORD/SAIX(IZJZ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,JZ)
>,ZMUT(JZ) ,RJ(IZ,JZ) ,X(IZ,JZ),Y(IZ,JZ) ,DELTAU(IZ,JZ)

> AREA(IZ) ,ZMU(IZ,JZ) ,AI(IZ,JZ),A2(IZ,JZ),A3(IZ,JZ) ,A4(IZ,J7)
COMMON/CONST/AIN,AEX,RL,EXI,EYI ,OMEGAX,OMEGAY,CFL,THETA,PO,TO,
>CFL1, PRNT ,PBRM1, SUM(4) ,ZM4UO ,REND PRN, TWALL, TREF
>,BIOT,TWl
COMMON/CONST1/GAMMIA(IZ,JZ),GM1(IZ,JZ),CP(IZ,JZ),CV(IZ,JZ),RGAS
COMMON/INTEG/IL,JL, 1L1,JLI,NEND,NBEG,NADV, ITIME, IVISC,NORD, IWALL

> IWBC,IFLOW
DIMENSION RHO(IZ,JZ),RHOU(IZ,JZ),RHOV(IZ,JZ),E(IZ,JZ)
EQUIVALENCE(Q(1, 1,1) ,RHO(l, 1)), (Q(1, 1,2) ,RHOU(l, 1)),

> * * * *** ********* * ************* * *** **********

CALL INITIA
DO 10 NADV=NBEGS,NEND
CALL SOLVE
CALL CHECK

10 CONTINUE
CALL MASS
CALL OUTPUT
STOP
END

C*
C* SET UP INITIAL CONDITION

SUBROUTINE INITIA

IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZ=1SO,JZ=80)
COMMON/VECTOR/DQ( IZ, JZ, 4), Q( IZ, JZ, 4), F( IZ, JZ, 4), G( IZ, JZ, 4),
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> P(IZ,JZ),U(IZ,JZ),V(IZ,JZ),UN(IZ,JZ),VN(IZ,JZ)
COMMON/COORD/SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,JZ)
> ,ZMUT(JZ),RJ(IZ,JZ),X(IZ,JZ),Y(IZ,JZ),DELTAU(IZ,JZ)
> ,AREA(IZ),ZMU(IZ,JZ),Al(IZ,JZ),A2(IZ,JZ),A3(IZ,JZ),A4(IZ,JZ)
COMMON/CONST/AIN,AEX,RL,EXI,EYI,OMEGAX,OMEGAY, CFL,THETA,P0,TO,
>CFLI,PRNT,PB,RM1,SUM(4),ZMUO,REN,PRN,TWALL,TREF
>,BIOT,TWI
COMMON/CONST1/GAMMA(IZ,JZ),GM1(IZ,JZ),CP(IZ,JZ),CV(IZ,JZ),RGAS
COMMON/INTEG/IL,JL, IL1,JL1,NEND,NBEG,NADV, ITIME, IVISC,NORDIWALL
> IWBC, IFLOW
DIMENSION RHO(IZ,JZ),RHOU(IZ,JZ),RHOV(IZ,JZ),E(IZ,JZ)
EQUIVALENCE(Q(I,I,l),RHO(I,I)),(Q(1,1,2),RHOU(1,1)),
> (Q(I,I,3),RHOV(I,I)),(Q(I,I,4),E(I,I))

C*
C* IF THE DIMENSION IN COMMON BLOCK MUST BE CHANGED
C* PLEASE CHANGE THE PARAMETER STATEMENT
C*

DIMENSION SS(3500,4)
NAMELIST/INPUT/IL,JL,NEND,P0,TO,CFL,OMEGAX,OMEGAY,RM1,AIN,FST,
" NITER,AEX,RL,THETA,C2O,GAMMAO,NBEG, ITIME, IVISC,NORD, IWALL,RM2
" ,IREAD,PRN,REN,TREF,ZMUO,TWALL,FSTY,PB,PRNT,CFL1,IWBC,BIOT,TWI
" ,IFLOW
CALL ERRSET(208,256,-1,0,O,O)

C -. IL=TOTAL GRID NUMBER IN XI DIRECTION
C... JL=TOTAL GRID NUMBER IN ETA DIRECTION
C... NBEG= COUNTING INDEX OF ITERATION STEP
C =1 FOR THE FIRST RUN
C =ANY NUMBER EXCEPT 1 FOR RERUN
C... NEND= NUMBER OF ITERATIONS FOR THE FIRST RUN ONLY
C.. NITER=NUMBER IF ITERATIONS TO BE RUN WHEN RERUN(NBEG.NE.1)
C... P0 = STAGNATION PRESSURE
C... PB=THE BACK PRESSURE AT THE EXIT OF NOZZLE
C =0o (SUBSONIC FLOW EXTRAPOLATED FROM INTERIOR)
C = THE SPECIFIED BACK PRESSURE (FIXED THE PRESSURE FOR
C SUBSONIC PORTION AT EXIT)
C... TO = STAGNATION TEMPERATURE
C... CFL = CFL NUMBER
C... CFLI= CFL NUMBER FOR PNS MARCHING
C... OMEGAX=ARTIFICIAL DISSIPATION CONSTANT IN XI DIRECTION
C... OMEGAY=ARTIFICIAL DISSIPATION CONSTANT INETA DIRECTION
C... IREAD = 0 FOR DEFAULT CONICAL NOZZLE
C 1 READ GRID FROM DATA FILE
C... RMI =THE INITIAL GUESS FOR INLET MACH NUMBER
C... RM2 =THE INITIAL GUESS FOR EXIT MACH NUMBER
C... AIN =THE INLET RADIUS FOR CONICAL NOZZLE (IGNORED IN IREAD=I)
C... AEX =THE EXIT RADIUS FOR CONICAL NOZZLE (IGNORED IF IREAD=I)
C... RL =TOTAL LENGTH OF CONICAL NOZZLE (IGNORED IF OREAD=l)
C... ITIME= 0 FOR CONSTANT DT 1 FOR CONSTANT CFL
C... IVISC= 0 INVISCID FLOW
C 1 VISCOUS FLOW
C... NORD = 0 FOR FIRST ORDER UPWIND IN XI
C 1 FOR SECOND ORDER UPWIND IN XI
C... FST = STRETCHING FACTOR IN XI DIRECTIO (0 FOR UNIFORM GRID)
C... FSTY= STRETCHING FACTOR IN ETA DIRECTION (0 FOR UNIFORM GRID)
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* :PFCIFIC HEAT

"-I OW

SOFF IN THIS SUBROUTINE)

TEMPERATURE

COOLING LIQUID
I. V U ET (M. CP/2 PI K YIN)

:"o FR OM INLET TO EXIT
C : 0 FROM EXIT TO INLET

' . .. L. VALID FOR IFLOW=-1
7 ... ,L TEMPERATURE FOR IWALL=1

_!i77 ENCE TEMPERATURE FOR VISCOSITY CALCULATION
C... Z ; I fSOOSITY AT T:TREF
C. . I * EXPLICIT WALL B. C.
C - IMPLICIT WALL B. C.
C ** READ T DATA

W, I. NP f J)WR'']_(1 ] , INPUT)

C* SET JP '1E'!RY

1 - - 1L 1

C

c

C TUEN ERSE COOLING FLOW
T 1;fE < rQ ) IELOW=I

C

D, 0 7 1, IL
A.A A ) -ATm14-(AEX-AIN)*DFLOAT(I-1),/DFLOAT(IL)

10 C )T'L' r IM(r'

Dn 20 1,IL
DO 20 7-1, Jf,
X( T, T )::DFLOAT( I-i)/DFLOAT(ILI)*RL

20 Y(, T )-DFLOAT(J-1)/DFLOAT(JL1)*AREA(I)
I (FST. NE.0.DO)THEN
D! (FS'- 1.0)/(FST**IL-1 .)*RL
DO 15 !:::, IL

ARviA( ANfXL/RL*(AEX-AIN)
DO 2% J.I-, JL
X( , )- XL

Y(I,J)z:DLCAT(J-1)/DFLOAT(JL1)*AREA(I)
15 CO I I 1i1E

F ,.S F
E TTD I

C* STRETCH TUt[ GRID ALONG Y-DIRECETION IN VISCOUS CASE
IF( FOTY . NE. 0. DO)THEN

Dr) 17 TI , I,
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Y( I, )=O.
DAO=(1. -FSTY)/( 1. FSTY**JLI)*AREA( I)

DO 17 J=2,JL
Y(I,J)=Y(I,J-l)+DAO*FSTY**(J-2)

17 CONTINUE
ELSE
END IF

C * READ GRID FROM DATA FILE
IF( IREAD.EQ. l)THEN
DO 25 I=1,IL
DO 25 J=1,JL
READ(38) III, JJJ,X( I,J) ,Y( I, J)

25 CONTINUE
ELSE
END IF

C * COORDINATE TRANSFORMATION
EXI=1 .0
EYI=1 .0
DO 30 11I,IL
IP1=I
IM11I-1
IF(I.EQ.1)1M1=1
IF( I.EQ. 1)IP1=2
DSAI=2. *EXI
IE( I.EQ2.1.OR. I.EQ. IL)DSAI=EXI
DO 30 J=1,JL

IF(J.EQ. l)JM1=1
IF(J.EQ. JL)JP1=JL
DETA=2. *EYI
IF(J.EQ. 1.OR.J.EQ.JL)DETA=EYI
XSAI=(X( IPi, J)-X( IMI, J))
YSAI=(Y( IP1,J)-Y( IM1,J))

YETA=(Y( I, JP1 )-Y( I, JM1) )/DETA
IF(I .GT.2.AND. I.LT. IL1)THEN
XSAI=XSAI+NORD*0.5*(X(I,J)-2.*X(I-1,J)+X(I-2,J))
YSAI=YSAI4.NORD*0.5*(Y(I,J)-2.*Y(I-1,J)+Y(I-2,J))

ENDIF
IF(J.EQ. 1)THEN
XETA=XETA-0.5*(X(I,J)-2. *X(IJ+l)+X(IJ+2))
YETA=YETA-0. 5*(Y( I, J)-2. *Y( I, J+1)+Y(I, J+2))
ELSE
ENDIF

C
IF(J.EQ.JL) THEN
XETA=(3 .DO*X( I, JL)-4. DO*X( I, JL-1)+X( I, JL-2) )*0. SDO
YETA=(3.DO*Y(T,JL)-4.DO*Y(I,JL-1)+Y(I,JL-2))*0.SDO
ELSE
END IF

C
RJP=XSAI *YETA-.XETA*YSAI
RJ( I, J)=l ./RJP
SAIX( I, J)=YETA/RJP
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SAIY( I, J)=-XETA/RJP
ETAX(1, J)=-YSAI/RJP

30 ETAY(I,J)=XSAI/RJP
C ** INITIALIZATION

RGAS=83 14. 3/20.405
R=RGAS
DO 991 I=l,IL
DO 991 J=l,JL
TTT=3061. iDO
CALL CPGAM(CP( I /J) ,CV( I,J) ,GAMMA( I,J) ,GMl (I, J) ,RGAS, I, J,
>RHO( I,J) ,RHOU( I,J) ,RHOV(I, J) ,E(I, J) ,TTT)

991 CONTINUE
C GM1O=GAMMAO-l.
C R=CPO*GMIO/GAMMAO
C CVO=CPO/GAMMAO
C

C* GIVE THE INITIAL VALUE OF VISCOSTY
C* IF THE VISCOSITY AT T=TREF IS GIVEN FROM INPUT

C* THE CALCULATION FOR ZMUO MUST BE SWITCHED OFF

C TIN=TO/(l1. +0. 5*GM1O*RM1**2)
C UIN=RM1*DSQRT(GAMMAO*R*TIN)
C PIN=P0*(TIN/T0)**(GAMMAO/GM1O)
C RIN=PIN/(R*TIN)

BIOT=BIOT*Y( 1, JL)
C ZMUO=(RIN*UIN*AREA(1)*2. )/REN
C* CALCULATE METRIC TERMS AT MID POINTS

CALL MCONST
C **SKIP TO RERUN THE CODE

IF(NBEG.NE.1)GOTO 300
C * READ IN THE STARTING LINES

Do 60 I=1,2
DO 60 J=1,JL
READ(68) (Q( I,J,K) ,K=1,4)
TCP=O. DO
CALL CPGAM(CP( I,J) ,CV( I,J) ,GAMMA( I,J) ,GM1 (I, J) ,RGAS, I, J,
>RHO(I,J) ,RHOU(I,J) ,RHOV(I,J) ,E(I,J),TCP)

5O CONTINUE
U( I,J)=RHOU( I, J)/RHO( I,J)
V( I,J)=RHOV( I, J)/RHO( I, J)
UN(I,J)=U(I,J)*SAIX(I,J)+V(I,J)*SAIY(I,J)
VN(I, J)=U( I, J)*ETAX( I,J) -4V( I,J)*ETAY(I, J)

60 CONTINUE
C REWIND 68

RETURN
300 CONTINUE
310 READ(19,720,END=1000)NDUM,(SS(NDUM,K),K=1,4)

COTO 310
1000 CONTINUE

REWIND 19
NBEG=NDUM+ 1
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NEND=NBEG+NITER- 1
DO 320 N=1,MDUM

320 WRITE(19,720)N, (SS(N,K),K=l,4)
720 FORMAT(I5,3X,4(lX,E14.7))

DO 330 11I,IL
DO 330 Jz-l,JL
READ(66) (Q(I,J,K) ,K=l,4),DELTAU(I,J)
TCP=O.DO
CALL CPGAM(CP(I,J),CV(I,J),GAMMA(I,J),GM1(I,J),RGAS, I,J,
>RHO(I,J) ,RIIOU(I,J) ,RHOV( I,J),E(I,J) ,TCP)
U( I,J)=RHOU( I, J)/RHO( I,J)
V( i, J)=RHOV( I, J)/RHO( I,J)
UN( I, J)=U( I, J)*SAIX( I,J)4V( I, J)*SAIY( I, J)
VN( I,/J)=U( I, J)*ETA(I, J)+V( I, J)*ETAY( I,J)

CO=DSQRT(GAMMA( I,J)*P( I, J)/RHO( I, J))
CX=DSQRT(SAIX(IJ)**2+SAIY(IJ)**2)
CY=DSQRT(ETAX( I, J)**2+ETAY( I, J)**2)
CX=(UN( I, J)+CX*CO)/EXI
CY=(VN( I, J)+CY*CO)/EYI
EIGNN=DABS (CX)
IF(EIGNN. LE.DABS(CY) )EICNN=DABS(CY)
DELTAU( I, J)=CFL/EIGNN

330 CONTINUE
REWIND 66
RETURN
END

C-------------------------------------------------------------------
SUBROUTINE SOLVE

C*
C* SOLVE SUBROUTINE
C*

IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZ=150, JZ=80)
COMMON/VECTOR/DQ( IZ, JZ, 4) ,Q( IZ, JZ,4) ,F( IZ, JZ, 4) ,G( IZ,JZ, 4),

> P(IZ,JZ),U(IZ,JZ),V(IZ,JZ),UN(IZ,JZ),VN(IZ,JZ)
COMMON/COORD/SAIX( IZ, JZ) ,SAIY( IZ,JZ) ,ETAX( IZ, JZ) ,ETAY( IZ, JZ)
>ZMUT(JZ),RJ(IZ, JZ) ,X( IZ, JZ) ,Y( IZ,JZ) ,DELTAU( IZ,JZ)

> AREA(IZ2), ZMU( IZ, JZ) ,Al( IZ, JZ) ,A2(IZ, JZ) ,A3(IZ, JZ) ,A4( IZ,JZ)
COMMON/CONST/AIN, AEX, RL, EXI, EYI, OMEGAX, OMEGAY, CFL, THETA, P0, TO,
>CFLl, PRNT, PB, RM., SUM( 4), ZMUO, REN, PRN, TWALJ, TREE
>, BIOT,TWl
COMMON/CONST1/GAMMA( 2, JZ) ,GM1( IZ, JZ) ,CP( 2, JZ) ,CV( 2, JZ) ,RGAS
COMMON/INTEG/IL,JL, 1L1,JL1,NEND,NBEG,NADV, ITIME, IVISC,NORD, IWALL

> IWBC, IFLOW
DIMENSION RHO(IZ,JZ) ,RHOU(IZ,JZ),RHOV(IZ,JZ),E(IZ,JZ)
EQUIVALENCE(Q(l, 1, 1),RHO(l, 1)), (Q(l, 1,2) ,RHOU(1, 1),

C* STRAT T!-E CODE BY PNS A PLUS MARCHING

IF(NADV.NE.1)GOTO 5

CALL PNS
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RETURN
5 CONTINUE
C*

CALL FLUX(1)
CALL FLUX(2)
TF(IVTSC.EQ. l)THEN
CALL MULAM(l)
CALL MULAM(2)

END IF
DO 40 I=3,IL

C* THIS DO LOOP CONTROLS THE LOCAL ITERATION FOR
C* EACH CONSTANT XI LINE

Do 35 LOCAL=l,l
CALL RHS(I)
IF(IVISC.EQ.l) THEN
CALL MULAM(I)
IF(PRNT.NE.O.DO) CALL MUTUR(I)

ENDIF
IF(IVISC.EQ.l)CALL VRHS(I)

C* CALCULATE RESIDUAL
DO 10 J=1,JL
DO 10 K=1,4

10 DQ( I,J,K)=-DELTAU(I,J)*DQ(I,J,K)

C* ADD ETA-DIRECTION 4TH ORDER ARITFICIAL VISCOSITY
C*

IF(OMEGAY.NE.O.DO)CALL ADDY(I)
C*

C* SOLVE L-ETA OPERATOR
C*

CALL COEFY(I)

C* UPDATE VARIABLES AFTER X-SWEEP
C*
C JEND=JL
C IF(IVISC.EQ.1)JEND=JL1

DO 20 J=2,JL
RJJ=RJ( I,J)/Y( I,J)
DO 15 K=1,4

15 Q( I, J,K)=Q( I,J,K)+DQ( I, J,K)*RJJ
TCP=O.DO
CALL CPGAM(CP(I,J),CV(I,J) ,GAMMA(I,J),GM1(I,J),RGAS, I,J,
>RHO(I,J),RHOU(I,J) ,RHOV(I,J),E(I,J) ,TCP)
U( I,J)=RHOU(I,J)/RHO( I,J)
V( I,J)=RHOV( I,J)/RHO( I,J)
UN( I, J)=SAIX( I, J)*U( I,J) +SAIY( I, J)*V( I,J)
VN( I, J)=U( I, J)*ETAX( I,J) +ETAY( I, J)*V( I,J)
PI, J)=GM1( I, J)* (E(I, J) .0. 5*RHO( I, J)* (U( I, J)**2+V(I, J)**2))

20 CONTINUE
CALL CLBC(I)
IF(IVISC.EQ.1.AND. IWBC.EQ.O)CAJL WALLBC(I)

35 CONTINUE
40 CONTINUE
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C* BACKWARD SWEEPrI

DO 90 IB=2,IL-2
1= IL- IB+1
DO 86 LOCALl1,l
CALL RHS(I)
IF(IVISC.EQ.l) THEN
CALL MULAM(I)
IF(PRNT.NE.0.DO) CALL MUTUR(I)

END IF
IF(IVISC.EQ.l)CALL VRHS(I)
DO 50 J=l,JL
DO 50 K=1,4

50 DQ( I,J,K)=-DELTAU(I,J)*DQ(I,J,K)
IF(OMEGAY. NE.0. DO )CALL ADDY( I)
CALL COEFY(I)

C* UPDATING VARIABLES
C*

DO 70 J'2,JL
RJJ=RJ( I, J)/Y( I,J)
DO 60 K=1,4

60 Q( I,J,K)=Q( I,J,K)+DQ( I,J,K)*RJJ
TCP=O.DO
CALL CPGAM(CP(I,J),CV(I,J),GAMMA(I,J),GM1(IJ),RGASI I,J,
>RHO( I,J),RHOU( I,J),RHOV( I,J),E(I,J),TCP)
U( I,J)=RHOU( I, J)/RHO( I,J)
V(IJ)=RHOV(I,J)/RHO(I,J)
UN(I, J)=U( I,J)*SAIX( I, J)+V( I, J)*SAIY( I,J)
VNl(I,J)=U(I,J)*ETAX(I,J)+V(I,J)*ETAY(I,J)

CO=DSQRT(GAMMA(I,J)*P(I,J)/RHO(I,J))
CX=DSQRT( SAIX( I, J )**2+SAIY( I,J) **2)
CY=DSQRT(ETAX( I,J) **2+ETAY( I,J) **2)
CX=(UN( I, J)+CX*CO)
CY=(VN( I,J)+CY*CO)
EIGNN=DABS (CX)
IF(EIGNN.LE.DABS(CY) )EIGNN=DABS(CY)
DELTAU(I,J)=ITIME*CFL/EIGNN+(1-ITIME)*DELTAU(I,J)

70 CONTINUE
C *

C * CENTERLINE BOUNDARY CONDITIONS
CALL CLBC(I)
IF(IVISC.EQ.1.AND.IWBC.EQ.O)CALL WALLBC(I)

86 CONTINUE
90 CONTINUE

RETURN
END

C* THIS SUBROUTINE SOLVE THE FLOW FIELD BY
C* MARCHING IN XI DIRECTION

SUBROUTINE PNS
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IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (I7=150, JZ=80)
COPMON 'VECTnR/DQ( 17, JZ', 4) ,Q( IZ, JZ, 4),F( IZ, JZ, 4),G( IZ,JZ, 4),

C('MMON,/COORD/'SAIX(Z,J2 ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,JZ)
,ZMUT(JZ),R~j( Z,JZ),X(IZ,JZ),Y(IZ,JZ),DELTAU(IZ,JZ)

,AREA(IZ),ZMUIZ,JZ),Al(IZ,JZ),A2(IZ,JZ),A3(IZ,JZ),A4(IZ,JZ)
COMMON/CONST,/AIN, AEX, RL, EXI, EYI, OMEGAX, OMEGAY, CFL, THETA, P0,TO,

>CFLI, FRNT, PB, RMT, STJM( 4) , Z[J, REN, PRN, TWALL, TREF
>, B OT, TWI
COMMON,,.'CONST1,GAMMA(IZ..JZ),GMI(IZ,JZ),CP(IZ,JZ),CV(IZ,JZ),RGAS
COMMON/1 "INTEG,/IL,JL, 1LI,JL1,NEND,NBEG,NADV, ITIME, IVISC,NORD, IWALL

> IWBC, IFLOW
DIMENSION RHO(IZ,,JZ) ,RHOU( IZ,JZ),RHOV(IZ,JZ),E(IZ,JZ)
EQUFTVArFNCE(Q(1, 1, 1) ,RH,(l, 1) ), ((1, 1,2) ,RHOU( 1, 1),

DIMENSiO'N SS(4)
DATA INNER,/200/

C FORWARD SWEEP
WP.ITE(19,*) '**** PNS MARCHING BEGINS
IF(IVISC.EQ.1) CALL MTJLAM(1)
IF(IVISC.EQ.1) CALL MULAM(2)
CALL FLUX(1)
CALL FLUX(2)
DO 999 I=3,1'i
WRITE(19,*) tt4### 1=', I

C* GIVE THE INITIAL GUESS FROM PREVIOUS LINE

DO 17 J=I,JL
C1 DFLTATJ(I,J)=DELTAU(I-1,J)

DO 16 K=1,4

TCP=O.DO
CALL CPGAM(CP(I,,J),CV( I,J) ,GAMMA(I,J),GM1(I,J),RGAS, I,J,
>RHO(I,,J) ,RHOU(I,J),RHOV(I,J),E(I,J),TCP)

U( I, J)U( I-i,J)
V(I, J)=V(I-i, J)
UN(I, J)=U( I, J)*SAIX( I, J)+V( I,J) *SAIY( I,J)
VNl(I,J)=U( I,J)*ETAX(I,J)+V(I,J)*ETAY ( T ,J)

IF(J.EQ.JL) VN( I,J)=O.DO
IF(JT.EQ.JL)V(I,J)=-U( I,J)*ETAX(I,J)/ETAY(I,J)

IF(J.EQ.JL) Q(I,,J,2)=RHO( I,J)*U( I,J)
IF(J.EQ.JL) Q(I,.J,3)=RHO( IJ)*V(IJ)
P( I,J)=P( I-1,J)

17 CONTINUE
C IF(I.EQ.2) THEN

DO 19 J=1,JL
CO=DSQRT(GAMMA( I, J)*P( I,J)/RHO( I, J))
CY=VN( I, J) +DSQRT(ETAX( I, J)**2+ETAY( I, J)**2 )*CO

CX=UN(I,J)+DSQRT(SAIX(I,J)**2+SAIY(1,J)**2)*CO
DEfTAJ( I,,J)=CFL1/DABS(CY)

C DELTAIJ (I ,J )=CFL1/DABS (CX)
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19 CONTINUE
C ENDIE

DO 998 iCOUNT=l,INNER
C* RHS CALCULATION

CALL RHS(I)
IF(IVISC.EQ.l) CALL MULAM(I)
IF(PRNT.NE.0.DO) CALL MUTUR(I)
IF(IVISC.EQ.1) CALL VRHS(I)
DO 40 J=1,JL
DO 40 K=1,4

40 DQ( I, J,K)=DELTAU(I,J)*DQ(I,J,K)

C* ADD ETA-DIRECTION 4TH ORDER ARTIFICIAL VISCOSITY

IF(OMEGAY.NE.O.ODO)CALL ADDY(I)

C* SOLVE LETA-OPERATOR

CALL COEFY(I)

C* UPDATING VARIABLES

DO 70 J=2,JL
RJJ=RJ( I, J)/Y( I,J)
DO 60 K=1,4

60 Q( I,J,K)=Q(I,J,K)+DQ(I,J,K)*RJJ
TCP=O.DO
CALL CPGAM(CP(1,J),CV(I,J),GAMMA(IJ)IGM1(I,J),RGAS, I,J,
>RHO( I,J) ,RHOU( I,J) ,RHOV( I,J) ,E( I,J) ,TCP)
U( I, J)RHOU( I,J)/RHO( I,J)
V (I ,J )=RHOV( , 3) /RHO ( I,J)
UN( I,J)=U( I,J)*SAIX(I,3) +V(I, J)*SAIY( I, 3)
VN( I,J)=U( I,J)*ETAX(I,3) +V(I, J)*ETAY(IJ)
P( I,J)=Grl( I, J)* (E( I, J)-0. 5*RHO( I, J)*(U(I,J)**2+V( I, J)**2) )
CO=DSQRT(GAMVMA( I, J)*P( I,J)/RHO( I, J))
CX=DSQRT(SAIX( I,J)*SAIX( I, J)+SAIY( I,J)*SAIY( I, ))
CY=DSQRT(ETAX(I,J)*ETAX(I,J)+ETAY(I,J)*ETAY(I,J))
CX=(UN( I, J)+CX*CO)/EXI
CY=(VN( I,J)+CY*CO)/EYI
EIGNN=DABS(CY)
DELTAU(I,J)=ITIME*CFL1/EIGNN+(1-ITIME)*DELTAU(I,J)

70 CONTINUE

C* EXTRAPOLATE FROM FIELD POINT TO CENTER LINE

CALL CLBC(I)
IF( IVSC.EQ. 1.AND. IWBC.EQ.0)CALL WALLBC( I)

C* CALCULATE THE ERROR

Do 110 K=1,4
110 SS(K)0O.

DO 120 J=1,JL
Do 120 K=1,4
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QQ=Q(I,J,K)
IF(QQ.EQ.0.D0.OR.Y(I,J) .EQ.0.D0)GO TO 120

120 CONTINUE
QSUM=O.
DO 130 K=1,4
QSUM=QSUM+DSQRT (SS(K))

130 SS(K)=DSQRTISS(K))/(IL*JL)
QSUM=QSUM/4. /(IL*JL)
IF(QSUM.LE.1.D-13) GOTO 995
WRITE( 19, 500) ICOUNT, ( 5(K),K=1, 4)

500 FORMAT(I5,3X,4(1X,E14.7))
998 CONTINUE
995 CONTINUE

510 FORMAT(' &&& ',4(1X,E14.7))
999 CONTINUE

WRITE(19,*) ' PNS MARCHING ENDS ***

CALL MASS
RETURN
END

C*
C* SUBROUTINE FOR CALCULATING METRIC TERMS
C* AT THE MIDPOINT

SUBROUTINE MCONST

IMPLICIT REAL*8(A-H,0-Z)
PARAMETER (IZ=150, JZ=80)
COMMON/VECTOR/DQ( IZ, JZ, 4) ,Q( IZ, JZ, 4), F( IZ,JZ, 4) ,G( IZ, JZ, 4),

>P( IZ, JZ) ,U( IZ, JZ) ,V( IZ, JZ) ,TJN( IZ,JZ) ,VN( IZ, JZ)
COMMON/COORD/SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,JZ)
>,ZMUT(JZ) ,RJ(IZ,JZ) ,X(IZ,JZ) ,Y(IZ,JZ),DELTAU(IZ,JZ)

,AE(ZM(ZJ),1IZ) ,A2(IZ,JZ),A3(IZ,JZ),A4(IZ,JZ)

COMNON/'CONST/AIN, AEX, RL, EX , EYI ,OMEGAX, OMEGAY, CFL, THETA, P0, TO,
>CFL1, PRNT, PB, RM1, SUM( 4) ,ZMUO, REN, PRN, TWALL, TREF
>, BIOT,TW1
COMMON/CONST1/GAMMA(IZ,JZ) ,GM1(IZ,JZ) ,CP( IZ,JZ) ,CV(IZ,JZ),RGAS
COMMON/INTEG/IL,JL, 1L1,JL1,NEND,NBEG,NADV, ITIME, IVISC,NORD, IWALL

> IWBC, IFLOW
DIMENSION RHO( IZ,JZ) ,RHOU( IZ,JZ) ,RHOV( IZ,JZ) ,E(IZ,JZ)
EQUIVALENCE(Q(1,1,1),RHO(1,1)),(Q(1,1,2),RHOU(1,1)),

>(Q( 1, 1,3) ,RHOV(1, 1) ),(Q(1, 1, 4),E(1, 1))

DATA FD3,0D3/1.333333333333,0.333333333333/
DO 20 I=2,IL
DO 20 J=1,JL1
IF(I.EQ.IL)THEN

YSAILO 05* (Y( I,J) +Y( I, J+1)-Y( I-i, J)-Y( I-i, J+1)
ELSE
YSAI=0.25* (Y( 1+1, J+1) YIf1, J)-Y( I-1, J+1)-Y( I-i,J) )

END IF
YETA=Y(I, J+1 )-Y( I, J)
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RJJl ./(XSAI*YETA-XETA*YSAI)
Al (I, J)=RJJ* (FD3*YSAI**2+XSAI**2)
A2 (I, J)=-RJJ*OD3*XSAI*YSAI
A3 (I, J)=RJJ* (YSAI**2+FD3*XSAI**2)
A4( I, J)=RJJ* (XSAI**2+YSAI**2)

20 CONTINUE
RETURN
END

C-------------------------------------------------------------------
SUBROUTINE SMOOTH

C* ADD ARTIFICIAL DISSIPATIONAL TERM FOR SAI,ETA-DIRECTION

IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZ=150,JZ=80)
COMMON/VECTOR/DQ( IZ, JZ, 4), Q( IZ, JZ, 4) ,F( IZ,JZ, 4) ,G( IZ, JZ, 4),

>P( IZ, JZ) ,U( IZ,JZ) ,V( IZ, JZ) ,UN( IZ, JZ) ,VN( IZ, JZ)
COMMON/COORD/SAIX( IZ,JZ) ,SAIY( IZ,JZ) ,ETAX( IZ, JZ) ,ETAY( IZ, JZ)
>,ZMUT(JZ) ,RJ(IZ,JZ) ,X(IZ,JZ),Y(IZ,JZ),DELTAU(IZ,JZ)

>,AREA(IZ),ZMU(IZ,JZ),AI(IZ,JZ),A2(IZ,JZ),A3(IZ,JZ),A4(IZ,JZ)
COMNON/CONST/AIN, AEX, RL, EXI ,EYI ,OMEGAX, OMEGAY,CFL, THETA, P0, TO,
>CFLl,PRNT,PB,RM1,SUM(4),ZMUO,REN,PRN,TWALL,TREF
>, BIOT, TWi
COMMON/CONST1/GAMMA(IZ,JZ),GM1(IZ,JZ),CP(IZ,JZ),CV(IZ,JZ),RGAS
COMMON/INTEG/IL,JL, 1L1,JL1,NEND,NBEG,NADV, ITIME,IVISC,NORD,IWALL

> IWBC, IFLOW
DIMENSION RHO(IZ,JZ) ,RHOU(IZ,JZ),RHOV(IZ,JZ),E(IZ,JZ)
EQUIVALENCE(Q(1, 1, 1),RHO(l,1) ), (Q(l, 1,2) ,RHOU(l, 1),

C* * ** ** *** ** ** *** ** ** ** ** ** ** ** *** ** ** *** ** **

DIMENSION ADD(4)
C **SAI-DIRECTION

ENTRY ADDX
COEFO0.125D0*OMEGAX
DO 70 J=1,JL
DO 70 I=1,IL
IF(I.EQ.1) GO TO 10
IF(I.EQ.2) GO TO 20
IF(I.EQ. ILl) GO TO 30
IF(I.EQ. IL) GO TO 40
DO 5 K=1,4

5 ADD(K)=COEF*(Q( I+2,J,K)-4.*Q(I+1,J,K)

> +Q(I-2,J,K))
GO TO 50

10 DO 15 K=1,4

QMM=2.*QM.Q( 1, J,K)
15 ADD(K)=COEF*(Q( I+2,J,K)-4.*Q(I+l,J,K)

> +6.*Q(I,J,K)-4.*QM+QMM)
GO TO 50

20 DO 25 K=1,4
QMM=2. *Q(1,J,K)..Q(2,J,K)

25 ADD(K)=COEF*(Q( I+2,J,K)-4. *Q( I+1,J,K)
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> +QMM)
GO TO 50

30 DO 35 K=1,4
QPP=2 .*Q(1+1, J,K)-Q( I, J,K)

35 ADD(K)=COEF*(QPP-4. *Q( I+l,J,K)+6.*Q(I,J,K)
> -4.*Q(I-.1,J,K)+Q(I..2,J,K)

GO TO 50
40 DO 45 K=1,4

QPP=2.*QP-Q(I,J,K)
45 ADD(K)=COEF*(QPP-4.*QP+6.*Q( I,J,K)-4. *

> Q(I-l,J,K)+Q(I-2,J,K))
50 CONTINUE

Do 60 K=1,4
60 DQ( I,J,K)=DQ(I,J,K)-ADD(K)/RJ( I,J)*Y(I,J)
70 CONTINUE

RETURN
C **

C ADD ETA-DLRECTLON 4TH ORDER ARTLFLCLAL VLSCOSLTY
C **

ENTRY ADDY(II)
I:=II
COEF0. 125D0*OMEGAY
DO 170 J=l,JL
IF(J.EQ.1) GO TO 110
IF(J.EQ.2) GO TO 120
IF(J.EQ.JL1) GO TO 130
IF(J.EQ.JL) GO TO 140
DO 95 K=1,4

95 AD)D(K)=COEF*(Q( I,J+2,K)-4.*Q(I,J+l,K)
> -6. *Q( I, J,K)-4. *Q( I.J-1,K)

-4Q(I,J-2,K))
GO TO 150

110 DO 115 K=1,4
QM=2.*Q( I,1, K)-Q(I, 2, K)
QMM=2.-*QM.Q( I, 1,K)

115 ADD(K)=COEF*(Q(I,J+2,K)-4.*Q( I,J+1,K)
> +6.*Q(I,J,K)-4.*QM+QMT)

GO TO 150
120 DO 125 K=~1,4

QMM=2.*Q(I, 1,K)-Q(I,2,K)
125 ADD(K)=COEF*(Q( I,J+2,K)-4. *Q( I,J+1,K)

*+6. *Q(I,J,K)-.4.*Q( I,J-1,K)
* +QMM)

GO TO 150
130 DO 135 K=1,4

QPP=2 .*Q( I, J+1, K) -Q( I, J,K)
135 ADD(K)=COEF* (QPP-4. *Q( I, J+1 ,K) +6. *Q( I,J, K)

GO TO 150
140 DO 145 K=1,4

QP=2 .*Q( I,JK) -Q( I, J-1, K)
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QPP=2. *QP-9( I, J,K)
145 ADD(K)=COEF*(QPP-4.*QP+6.*Q( I,J,K)-4.*

Q (1, J-1, K) +Q( I, J-2, K))
150 CONTINUE

DO 160 K=1,4
160 DQ(I,J,K)=DQ( I,J,K)-ADD(K)/RJ(I,J)*Y( IJ)
170 CONTINUE

RETURN
END

C
C **SUBROUTINE FOR CENTER LINE BOUNDARY CONDITIONS

SUBROUTINE BC
C---------------------------------------------------------------------------

IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZ=150, JZ=80)
COMMON/VECTOR/DQ( IZ, JZ, 4), Q( IZ, JZ, 4), F( IZ, JZ, 4), G( IZ, JZ, 4),

>P( IZ, JZ) ,U( IZ, JZ) ,V( IZ, JZ) ,UN( IZ, JZ) ,VN( IZ, JZ)
COMMON/COORD/SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,JZ)
>,ZMUT(JZ),RJ(IZ,JZ) ,X(IZ,JZ),Y(IZ,JZ) ,DELTAU(IZ,JZ)

> AREA(IZ) ,ZMU(IZ,JZ),Al(IZ, JZ),A2(IZ,JZ),A3(IZ,JZ),A4(IZ,JZ)
COMMON/CONST/AIN,AEX,RL,EXI ,EYI ,OMEGAX,OMEGAY,CFL,THETA,PO,TO,
>CFLI,PRNT,PB,RMI,SUN(4) ,ZMUO,REN,PRN,TWALL,TREF
>,BIOT,TW1
COMMON/CONST1/GAMMA(IZ,JZ),GM1(IZ,JZ),CP(IZ,JZ),CV(IZJZ) ,RGAS
COMMON/INTEG/IL,JL,IL1,JL1,NEND,NBEG,NADV, ITIME, IVISC,NORD,IWALL

> ,IWBC,IFLOW
DIMENSION RHO(IZ,JZ) ,RHOU(IZ,JZ) ,RHOV(IZ,JZ) ,E( IZ,JZ)
EQUIVALENCE(Q( 1, 1,1) ,RHO(1, 1) ), (Q( 1, 1,2) ,RHOU( 1,1),

DATA SCONST/196./
ENTRY CLBC(II)
I=1II

C *THE QUANTITIES EXTRAPOLATED ARE U,PT AND LET V0O
C

SY=SAIY(1, 1)
EY=ETAY(I, 1)
DENOM=SY-1.5*EY
IF(I.NE.2.AND.I.LT.IIL1)DENOM=DENOM+O.5*NORD*SY
IF(I.EQ. I)THEN
UIM1=0.
PIM1=O.
RIM1=1 .0
ELSE
UIM1=U( 1-1,1)
PIM1=P( 1-1,1)
RIM1=RHO( 1-1,1)
END IF
V( I,1)=O.

IF(I.NE.2.AND. I.LT. ILl) U(I,1)=U(I, l)+NORD*SY*(U(I-l,1)-~

* 0.5*U(I-2,1))/DENOM

UN(I, 1)=SAIX( I, 1)*U( I, 1)
VN(I, 1)=ETAX( I, )*U( 1,1)
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IF(I.NE.2.AND.I.LT. ILl) P(I,l)=P(I, l)+NORD*SY*(P(1-l,l)-
* O.5*P(I-2..l))/DENOM

RIV= . /RGAS
TIMl=I'IMl/RIMl*RIV
T2=P (I, 2) /RHO( 1,2) *RIV
T3=P( 1,3 )/RHO( 1,3) *RIV
Tl=(SY*TIMl-O.5*EY*(4.*T2-T3))/DENOM
IF( I.NE.2 .AND. I. LT. ILl )THEN

Tl=T1+NORD*SY*(TIMl-O. 5*TIM2)/DENOM
ENDI7;
CALL CPGAM(CP(I,l),CV(I, l),GAMMA(I,l),GMl(I,l),RGAS,I,l,

> RHO( 1,1) ,RHOU(1,1) ,RHOV( 1,1) ,E( 1,1) ,Tl)

RHOU( 1,1 )=RHO( 1,1 )*U( 1,1)
RHOV( I, l)=RHO(I, l)*V(I, 1)
EI, l)=P(I, l)/GMl( I,1) +0. 5*RHO( I, l)*(U(I, l)**2+V(I, l)**2)

RETURN

ENTRY WALLBC(II)
I=I I
J=JL
CC1=ETAX( I,J) *SAIX( I,J) +ETAY( I,J) *SAIY( I, J)
CC2=ETAX(I,J)**2+ETAY(I,J)**2
IF( I.NE. IL)THEN
AM=-0. 5*CCl
BM=l. 5*CC2
CM=0.5*CCl

ELSE
AM=-CCl
BM-:CC14 1. 5*CC2
CM--0.
DM=CC2* (2.*P( I, J-l)-0. 5*P( I, J-2))
END IF
IP=I -l
IF( I .EQ.IL) IPl=IL
PSOL-(DM-AM*P(I-l,J)-CM*P(IPl,J) )/BM
IF( I.EQ. IL.AND.PB.NE.0.DO)PSOL=PB
RIVl . /RGAS
IF( IWALL.EQ. 0)THEN

T2=P( I, J-2 )*RIV/RHO( I, J-2)
DM=CC2* (2. *Tl.5*T2)

TIPl=P( IPl,J)*RIV/RHO( IPl,J)
TSOL=(DM-AM*TIMl-CM*TIPl )/BM

ELSE
ENDIF
IF( IWALL.EQ.0)THEN
TT=TSOL

ELSE
TT=TWALL

ENDIF
PP=P SOL
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U( I, JL)=O.
V( I,JL)=0.
RHOU( I, JL)=O.
RHOV( I,JL)0O.
RHOO=PP*RIV//TT
RHO( I, JL)=-RHOO
CALL CPGAM(CP(I,JL),CV(I,JL),GAMMA(I,JL),GM1(I,JL),RGAS, I,JL,
>RHO( I, JL) ,RHOU( I, JL) ,RHOV( I, JL),/E( I,JL) ,TT)
E(I,JL) =PP/GMl(I,JL)
P( I,JL)=PP
UN( I, JL):=O.

RETURN

C* LAMINAR VISCOSITY CALCULATION
C*
C ENTRY MULAM(II)
C I=II
C* USE SUTHERLAND LAW
C DO 60 J=1,JL
C TOS=TREF+SCONST
C TT=(E(I,J)/RHO(I,J)-O.5*(U(I,J)**2.V(I,J)**2) )/CV(I,J)
C TTS=TT+SCONST
C ZMU(I,J)=ZMUO*TOS/TTS*(TT/TREF)**l.5
C ZYRJ(I,J)=ZMUo
C 2Mr(I,j)=Zr4U*(TT/TREF)**0.67
C 60 CONTINUE
C RETURN

END

SUBROUTINE MULAM(NN)

IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZ=l50,JZ=80)
COMMON/VECTOR/DQ( IZ, JZ, 4) ,Q( IZ, JZ, 4), F( IZ, JZ, 4) ,G( IZ, JZ, 4),

> P(IZ,JZ) ,U(IZ,JZ) ,V(IZ,JZ),UN(IZ,JZ),VN(IZ,JZ)
COMMON/COORD/SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,JZ)

, ZMUT(JZ) ,RJ(IZ,JZ) ,X(IZ,JZ),Y(IZ,JZ),DELTAU(IZ,JZ)
> AREA( IZ) ,ZMU( IZ,JZ) ,Al( IZ,JZ) ,A2(IZ,JZ) ,A3(IZ,JZ) ,A4(IZ,JZ)
COMMON/CONST/AIN,AEX, RL, EXI ,EYI ,OMEGAX, ,MEGAY,CFL, THETA, P0, TO,
>CFL1,PRNT,PB,RM,SUM(4) ,ZMU0,REN,PRN,TWALL,TREF
>B TOT, TWi
COMMON/CONST1/GAMMA( IZ, JZ) ,GMl( IZ, JZ) ,CP( IZ, JZ) ,CV( IZ, JZ) ,RGAS
COMMON/INTEG/IL,JL,IL1,JL1,NEND,NBEG,NADV,ITIME,IVISC,NORD,IWALL

> IWBC, IFLOW
DIMENSION RHO(IZ,JZ),RHOU(IZ,JZ),RHOV(IZ,JZ),E(IZ.JZ)
EQIJIVALENCE(Q( 1,1, 1) ,RHO(1,1) ), (Q( 1,1,2) ,RHOU( 1, 1)),

B1=4. 3222557667160623D-06
B2=3 .88859962 44952953D-08
B3=-3 .7263546610032919D-l2

C DO 50 NN=l,IL
D~O 50 KM=1,JL
TT=(E(NN,MM)/RHO(NN,MM)-0.5*(U(NN,M4)**2+V(NN,MM)**2))/CV(NN,MM)
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ZMU(NN, MM)=Bl+B2*TT+B3*TT*TT
50 CONTINUE

RETURN
END

C
C BOLDWIN & LOMAX TUPBULENCE MODEL
C

* SUBROUTINE MUTUR(>I

IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZ=l50,JZ=80)
COMMON/VECTOR/DQ( IZ, JZ, 4) ,Q( IZ, JZ, 4),E( IZ, JZ, 4) ,G( IZ, JZ, 4),

>P( IZ, JZ) ,U( IZ, JZ) ,V( IZ, JZ) ,UN( IZ,JZ) ,VN( IZ, JZ)
COMMON/COORD/SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,JZ)
>,ZMUT(JZ) ,RJ(IZ,JZ),X(IZ,JZ),Y(IZ,JZ),DELTAU(IZ,JZ)

>,AREA(IZ) ,ZMU(IZ,JZ),Al(IZ,JZ) ,A2(IZ,JZ),A3(IZ,JZ),A4(IZ,JZ)
COMMON/CONST/AIN, AEX, RL, EX , EYT, OMEGAX, OMEGAY, CFL, THETA, P0, TO,
>CFLl, PRNT, PB, RMi, SUN( 4), ZMUO, REN, PRN, TWALL, TREF
>, BlOT, TWi
COMMON/CONST1/GAMMVA(IZ,JZ),GM1(IZ,JZ),CP(IZ,JZ),CV(IZ,JZ),RGAS
COMMON/INTEG/IL,JL, 1L1,JL1,NEND,NBEG,NADV, ITIME,IVISC,NORD, IWALL

> ' IWBC, IFLOW
DIMENSION RHO(IZ,JZ) ,RHOU(IZ,JZ) ,RHOV(IZ,JZ) ,E(IZ,JZ)
EQUIVALENCE(Q(l, 1, l),RHO( , 1)), (Q(l, l,2),RHOU(1, 1),

DIMENSION YVERT(JZ),ZMUI(JZ)
DATA AP,CCP,CKLEB,CWK,VKCON,XK/26., 1.6, .3, .25, .4, . 0168/
DATA ZMUI/JZ*0.0/

FYMA I .
FYMAX = 0.0

UDIF=O.
YVERT(JL) = 0.0
TAUW = ZMU(I,JL)*DABS(ETAY(I,JL)*(U(I,JL)-U(I,JL-1) )-

>ETAX( I, JL)*(V( I, JL)-V( I, JL-1)))
CYP =DSQRT(RHO( I, JL) *TAUW~.)/ZVT( I, JL)

C
DO 10 KK = 2,JL1
K = JL+l-KK
YVER = YVERT(K+l) + 1.O/DSQRT(ETAX(I,K)**2 + ETAY(I,K)**2)
0MG =DABS( ETAY(I,JK)*(U(I,K+1)-U(I,K-1))*.5

> ~+SAIY(I,K)*(U(I,K) -U(I-1,K))

YPLUS = CYP*YVER
TURLEN = VKCON*YVER*(1.ODO -DEXP(-YPLUS/AP))

ZMUI(K) =RHO(I,K)*OMG*TURLEN**2
FY = TURLEN/VKCON*OMG
UTOTAL= DSQRT(U(I,K)**2+V(I,K)**2)
IF(UTOTAL.GE.UDIF) UDIF=UTOTAL
IF(FY .LT. FYMAX) GO TO 10
FYMAX = FY
YMAX = YVER

10 YVERT(K) = YVEP
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C
VXDIF =UDIE
FWAKE 1YMAX* FYMAX
FWAKE2=CWK*YMAX*VXDI F* *2/FYMAX
FWAKE =DMINl (FWAKE1, FWAKE2)

C
DO 20 KK = 2, JLl
K =JL+l-KK
FKLEB = (CKLEB*YVERT(K)/YMAX)**6
FKLEB =1./(1.0 + 5.5*FKLEB)
ZMUO = XK*CCP*RHO( I,K) *FWAKE*FKLEB
IF(ZMUI(K).GT.ZMUO) THEN
ZMUTUR = ZMUO
ELSE
ZMUTUR = ZMUI(K)
END IF
ZMUT(K)= ZMUTUR
ZMU(I,K) = ZMU(I,K) + ZMUTUR

C WRITE(77, 119)K,Y(I,K) ,YVERT(K),U(I,K),ZMUI(K),ZMUO,ZMU(I,K)
C119 FORMAT(2X,13,6(2X,D13.6))
20 CONTINUE
C

ZMUT( 1)=O.
ZMUT(JL)0O.
RETURN
END

C* SUORCE TERM JACOBIAN MATRIX
SUBROUTINE DHDQ(D, I,J)

C-----------------------------------------------------------------------------
IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZ=150,JZ=80)
COMMON/VECTOR/DQ( IZ, JZ, 4), Q( IZ, JZ, 4), F( IZ, JZ, 4) ,G( IZ, JZ, 4),

> P(IZ,JZ) ,U(IZ,JZ),V(IZ,JZ),UN(IZ,JZ),VN(IZ,JZ)
COMMON/COORD/SAIX(IZ,JZ),SAIY(IZ,JZ),,ETAX(IZ,JZ),ETAY(IZ,JZ)
> ZMUT(JZ) ,RJ( IZ,JZ),X( IZ,JZ),Y( IZ,JZ) ,DELTAU( IZ,JZ)

>,AREA(IZ) ,ZMU( IZ,,JZ) ,Al(IZ,JZ) ,A2(IZ,JZ) ,A3(IZ,JZ) ,A4(IZ,JZ)
COMMON/CONST/AIN, AEX, RL, EXI, EYI ,OMEGAX,OMEGAY, CFL, THETA, PO,TO,
>CFLl,PRNT,PB,RM1~,SUM(4),ZMUO,REN,PRN,TWALL,TREF
>, BIOT, TWi
COMMON/CONST1/GAMMA(IZ,JZ),GM1(IZ,JZ),CP(IZ,JZ),CV(IZ,JZ),RGAS
COMMON/INTEG/IL,JL,IL1,JL1,NEND,NBEG,NADV,ITIME,IVISC,NORD,IWALL

> IWBC, IFLOW
DIMENSION RHO( IZ, JZ) ,RHOU( IZ, JZ) ,RHOV( IZ, JZ) ,E( IZ,JZ)
EQUIVALENCE(Q( 1, 1,1) ,RHO( 1,1) ), (Q( 1, 1,2) ,RHOU( 1, 1)),

DIMENSION D(4,4)
CALL SZERO(4,D)
IF( IVISO. EQ. 0)THEN
R2MY=O.
ELSE
R2M'P=4./3.*ZMU( I,J)/(Y(I,J)*Y(I,J)*RHO(I,J))
END IF
D(3, j-=. 5*GMl( I, J)*(U( I,J) **2+V( I, J)**2)/Y( I, J)+IVISC*V( I, J)*R2MY
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RETURN
END
SUBROUTINE JACCAL

C* SUBROUTINE FOR JACOBIAN METRIX
C* IF IA=l, ACAP MATRIX
C* IF 1A=2, BCAP MATRIX

C***** **********************************************************

IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZ=150, JZ=80)
COMMON/VECTOR/DQ( IZ, JZ, 4) ,Q( IZ, JZ, 4), F( IZ, JZ, 4) ,G( IZ, JZ, 4),

>P( IZ, JZ) ,U( IZ, JZ) ,V( IZ, JZ) ,UN( IZ, JZ) ,VN( IZ,JZ)
COMMON/COORD/SAIX(IZ,JZ)..SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,JZ)
>,ZMUT(JZ),RJ(IZ,JZ) ,X( IZ,JZ) ,Y(IZ,JZ) ,DELTAU(IZ,JZ)

>,AREA(IZ),ZMU(IZ,JZ) ,Al(IZ,JZ),A2(IZ,JZ),A3(IZ,JZ),A4(IZ,JZ)
COMMON/CONST/AIN, AEX, RL, EXI ,EYI ,OMECAX, OMEGAY, CFL, THETA, P0, TO,
>CFL1,PRNT,PB,RM1,SUM(4),ZMUO,REN,PRN,TWALL,TREF
>BlOT, TWI
COMMON/CONST1/GAMMA(IZ,JZ),GM1(IZ,JZ),CP(IZ,JZ),CV(IZ,JZ),RGAS
COMMON/"INTEG/IL,JL, 1L1,JL1,NEND,NBEG,NADV, ITIME, IVISC,NORD, IWALL

> IWBC, IFLOW
DIMENSION RHO(IZ,JZ),RHOU(IZ,JZ),RHOV(IZ,JZ),E(IZ,JZ)
EQUIVALENCE(Q(l, 1, 1),RHO(l,1) ), (Q(l, 1,2) ,RHOU(l, 1),

> ~ (Q(l,l,3),RHOV(l,1)),(Q(1,4,4),E(l,l))

DIMENSION A(4,4),B(4,4),C(4,4),TEMP(4,4) ,BB(4,4),DIAG(4)

ENTRY JACOB(IA,A, I,J)
IF(IA.EQ.2)GO TO 10
CX=SAIX( I, J)
CY=SAIY( I, J)
CONTRA=UN( I, J)
GO TO 20

10 CX=ETAX(:,J)
CY=ETAY( I,J)
CONTRA=VN( I, J)

20 CONTINUE
PH12=0.5*GM1f( I,J)* (U( I, J)**2+V( I, J)**2)

A (1,2) =CX
A( 1,3 )=CY
A( 1, 4)=0.DO
A( 2,1 )=CX*PHI2-U( I, J )*CONTRA
A(2,2)=CONTRA-(GAMMA(I,J)-2. )*CX*U(I,J)

A(2, 4)=GM1( I,J)*CX
A( 3, 1)=CY*PHI2-V( I,J)*CONTRA
A(3,2)=CX*V(I,J)-GM1( I,J)*CY*U(I,J)
A(3,3)=C0NTRA-CY*V(I,J)*(GArMhA(I,J)-2.)
A(3,4)=GM1( I,J)*CY
A4, 1)=CONTRA* (2. *PHI2-.GAMMA( I, J)*E( I, J)/RHO( I, J)

A(4,2)=CX* (GAMMA( I, J)*E( I, J)/RHO( I, J)-PHI2 )-GM1(I, J) *CONTRA
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*U(I,J)

A(4,3)=CY*(GAMMA(I,J)*E(I,J)/RHO(I,J)PHI2)GMI(I,J)*CONTRA
*VIJ

A(4,4)=GAMMA(I, J)*CONT'RA
RETURN

C* SPLITTED JACOBIAN MATRIX IN X1-DIRECTION

ENTRY AJACOB(IA,A.I,J)

C* FOR THE FIRST ITERATION TURN OFF A MINUS

IF(NADV.EQ.l.AND.IA.EQ.2) THEN
CALL SZERO(4,A)
RETURN

ENDIF
C WRITE(6,*) I,J,RHO(I,J)

CO=DSQRT(GAM"A( I, J)*P( I, J)/RHO( I,J))

CX=DSQRT(SAIX(I,J)**2+SAIY(I,J)**2)
CXC0=CX*C0

EIG2=UN( I,J)
EIG3=JN( I, J) +CXCO
EIG4=UN( I, J)-CXCO
IF( IA.EQ. 1)THEN
DIAG(l)=O.5*(EIGl+DABS(EIGl))
DIAG(2 )=DIAG(1)
DIAG(3)=0.5*(EIG3+DABS(EIG3))
DlAc,(4)0. 5*(EIG4+DABS(EIG4))

ELSE
DIAG(l)O0.5*(EIGl-DABS(EIGl))
DIAG( 2)=DIAG( 1)
DIAG(3)=0.5*(EIG3-DABS(EIG3))
DIAG(4)O0.5*(EIG4-DABS(EIG4))

ENDI F
CALL EIGEN(1,BB,I,J)
DO 40 II~l,,,
DO 40 J1,4

40 CONTINUE
CALL EIGAR(BB,I,J)
CALL MNM(4,BB,TEMP,A)
RETURN

C* TRUE JACOBIAN FOR DE4--/DQ

ENhTRY TRTJEJ(IA,A,I,J)
C CHECK THE ,'OURTH EIGEN VALUE

CO=DSQRT(GAMMA( I, J)*P( I, J)/RHO( I, J))

CX=DSQRT(SAIX(I,J)**2+SAIY(I,J)**2)
CXCO=CX*CO
EIG4=JN( I, J)-CXCO
IF(UN(I,J).LT.O.DO)GOTO 60

IF(EIG4.LT.O.DO)GOTO 50

C
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IF(IA.EQ. l)THEN
CX=SAIX( I,J)
CY=SAIY( I, J)
CONTRA=UN( I,J)
PH12=0. 5*GM1(I,J)(U( I, J)**2+V( I, J)**2)

A( 1,2 )=CX
* A(1,3)=CY

A( 1, 4)- .DO

A(2, 1)=CX*PHI2-U(I,J)*CONTRA
A(2,2)=CONTRA-(GAMMA(I,J)-2. )*CX*U(I,J)
A(2,3 )=CY*U( I,J) -GM1( I, J)*CX*V( I,J)

A(3, 1)=CY*PHI2-V(I,J)*CONTRA
A( 3,2 )=CX*V( I, J)-GM1 (I, J) *CY*U( I,J)
A(3,3)=CONTRA-CY*V(I,J)*(GAMMA(I,J)-2.)
A(3, 4)=GM1( I, J)*CY
A4, 1)=CONTRA* (2. *PHI2-GAMMA( I,J) *E( I, J)/RHO( I,J))

A(4,2 =X(GAMMA( ', J) *E( 1,3 )/R-O( I, J)-PHI2 )-GM1(I, J) *CONTRA
>*U(I,J)
A(4,3)=CY*(GAMMA(I,J)*E(I,J)/RHO(I,J)-PHI2)-GM1(I,J)*CONTRA
>*V(IJ)
A(4, 4)=GAMMA( I, J)*CONTRA
ELSE
CALL SZERO(4,A)
END IF
RETURN

C
50 CONTINUE

IF(NADV. EQ. 1.AND.IA. EQ.2 )THEN
CALL SZERO(4,A)
RETI JRN

ELSE
PH12=0. 5*GM1( I, J)* (U( I, J)**2+V( I,J) **2)
ERC=E( I, J)/RHO( I, J)/CO
ECR=E( I,J)*CO/RHiO( I, J)
Rl=SAIX( I,J)
R2=SAIY( I, J)
R1T=Rl/CX
R2T=R2/CX
G2M2=(2.*GAMM4IA( I,J)-l. )*.5/GAMMA(I,J)
G23G=(-GAMMA( I,J) **2+3.*GAMMA( I, J)-1. )*. 5/GAMMA( I,J)
G34G=(3.*GAMMA(I,J)-2.)*.25/GAMMA(I,J)
GM12=GM1(I, J)**2*.-5/GAMMA( I,J)
CGEC=CO* . /GAMMA( I, J)-0. 25*GM1( I, J)*ERC
RKUU=CX*U( I, J)+R1T*UN( I,J)
RKVU=CX*V( I,J)+R2T*UN(I,J)
U2V2=PHI2/GMl (I, J) *2.
RKU2=.25*GMI(I,J)*(CX*.5*U2V2+UN(I,J)**2/CX)

C
IF( IA.EQ. l)THEN

A(l,1)=.25*GM1(I,J)*CX*ERC
A( 1,2)=G2M2*Rl-.25*GM1( I J)*CX*U( I,J)/C0
A(1,3)=G2M2*R2-.25*GM1(I,J)*CX*V(I,J)/CO
A( 1, 4)=.25*GM1( I, J)*CX/CO
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A(2, l)=-G2M2*U(I,J)*JN( I,J)+.5*Rl*PHI2-CGEC*RKUU
A(2,2 )=G230*RT*U( I,J) +G2M2*TJN( I,J)+. 5* (CX+R1*RlT)/GAMMA( I,J) *CO.

0. 25*GM1 (I, J)*U( I, J)/CO*RKUU
A(2..3)=G2M2*R2*U( I,J)-.5*GMI(I,J)*Rl*V(I,J)+.5*RlT*R2
>/GAMMA(I,J)*C0-0.25*GMl( I,J)*V(I,J)/CO*RKUU
A(2,4)=.5*GMl(I,J)*Rl+.25*GMl(I,J)*RKUU/CO
A(3,l)=-G2M2*V(I,J)*UN(I,J)+0.5*R2*PHI2-CGEC*RKVU
A(3,2)=G2M2*R1*V( I,J)- .5*GM1( I,J)*R2*U( I,J)+0.5*R1*R2T
> ,GAMM~A( I,3) *CO..0. 25*GMI( I,J) *U(I. J)/CO*RKVU
A(3,3)=G2M2*UN(I,J)+G23G*R2*V(I,J)-*(CX+R2T*R2)*.5/GAMMA(I,J)*CO-
> O.25*GM1( I,J)*V( I,J)/C0*RKVU

A(3,4)=.5*GMl(I,J)*R2+.25*GM1(IJ)*RKVU/CO
A(4, l)=GMl2*UN(I,J)*U2V2-.5*GAMMA(I,J)*UN(I,J)*E(I,J)
>/RHO(IJ)+ICX/GAMMA(I,J)*PH2*CO-UN(I,J)**2*CO/GAMMA(I,J)/CX
>- .25*CX*ECR+RKU2*ERC
A(4,2)=-GMl2*U(I,J)*UN(I,J)+.5*R1*GAMMA(I,J)*E(I,J)/RH0(I,J)
> GM1( I, J)* .5/GAMMA( I,J) *R1*PHI2-G.34G*CX*U( I,J) *CO+R1T
>/GAMMA(I,J)*1Th(IJ)*CO-RJ(U2*U(I,J)/CO

A(4,3)=-GM12- IV(I,J)*UN(I,J)+.5*R2*GAMMA(I,J)*E(I,J)/RH0(I,J)
> GMl( I, J)*.5/GAMM~A( I,J)*Rv2*PHI2-.G34G*CX*V( I, J)*CO+R2T
,'GAMMA( I,3) *UN( I,3) *CO.RKU2*V( I, 3)/CO

A( 4,4)=. 5*,GAMMA( I,3) *UN( I, J)+. 75*CX*CO+RKU2/CO
ELSE
GllG=(l. +GAMMA( I,J)-GAMMA( I, J)**2 )* .5/GAMMA(I, 3)
G22M=(GAMMA( I,3) **2-...)* .5/GAMMA( I, 3)
A(l,l)=-.25*GM1(I,J)*CX*ERC
A( 1,2 )=.5/GAMMA( I,3) *R1+.25*GM1 (I,3) *CX*U( I, J)/CO
A(l,3)=.5/GAMMA(I,J)*R2+.25*GM1(I,J)*CX*V(I,J)/CO
A( 1, 4)=- .25*GM1( I, J)*CX/CO
A(2, l)z..5/GAMMA(I,J)*U(I,J)*TN(I,J)+.5*R1*PHI2+CGEC*RKUU
A(2,2)=GllG*Rl*U( I, J)+. 5/GAM'IA( I,J)*UN(I..J)-.5*(CX+R1*R1T)
"/GAMMA(I,J)*CO+0.25*GMl( I,J)*U(I,J)/CO*RKLU
A(2,3)=.5/GAMMA(I,JT)*R2*U(I,J)-.5*GMl(I,J)*R1*V(I,J)-.5*R1T*R2
"/GAMNA( I,J)*CO+0.25*GMl(I,J)*V-(I,J)/CC*RKJUU
A(2,4)=.5*GMl( I,J)*R1-.25*GM1(I,J)*RKUJ/C0
A(3, 1)=-.5/GAMMA(I,J)*V(I,J)*UN(I,J)+0.5*R2*PHI2+CGEC*RKVU
A(3,2)=.5/GAMMA(I,J)*R1*V( 1,J)- .S*GM1(I,J)*R2*U(I..J)-0.5*R1*R2T
"/GAMMA( I,J) *C(+025*GMl (I,3) *U( I, J)/CO*RKVU
A(3,3 )=.5/GAMMA( I,3) *UN( I,3) +GllG*R2*V( I, J)-(CX+R2T*R2 )*.
"/GAMMA( I,J)*CO+0.25*GMl(I,J)*V(I,J)/CO*RKVU
A(3,4)=.5*GM1(I,J)*R2-.25*GM1( I,J)*RKVU/CO
A(4, 1)=G22M*UN(I,J)*U2V2-.5*GAMMA(l,J)*UN(I,J)*E(I,J)/RHO(I,J)-

CX/GAMMA(I,3) *PHI2*CO+UN( I,3) **2*CO/GAMMA( I, J)/CX
> +.25*CX*ECR-R1KU2*ERC
A(4,2)=-G22D4*U(I,J)*UN( I,3J)+.5*R*GAMMA(I,J)*E(I,J)/RH0(I,J)
> -(GAMMA(I,J)4l. )*.5/GAMMA(I,J)*Rl*PHI2+G34G*CX*U(I,J)

>*CO0RlT/GAMM~A( 1, ) *UN( I,3) *CO+RKU2*U( I, J)/CO
A(4,3)=--C22M*V(I,J)*UN(I,J)+.5*R2*GAMMA(I,J)*E(I,J)/RH0(I,J)
> -(GAMMA(I,J)+1. )*.5/GAMMA(I,J)*R2*PHI2+G34G*CX*V(I,J)

>*CO.R2T/GAMMA(I,J)*IJN(I,J)*CO+RKU2*V(I,J)/CO
A(4,4)=.5*GAIMMA(,J)*UN(,,J)-.7*CX*CO-RKU2/CO
ENDIF
END IF
RETURN

60 CONTINUE
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C* REVERSE FLOW REGION

IF(NADV.EQ.l) THEN
WRITE(6, 1010)

1010 FORMAT(' *** REVERSE FLOW FOR PNS MARCHING**)
RETURN

ENDIF
EIG3=UN( I, J)+CXCO
IF(EIG3 .LT. O.DO)THEN
IF( IA.EQ. 1)THEN
CALL SZERO(4,A)
RETURN

ELSE
CX=SAIX( I, 3)
CY=SAIY( I, 3)
CONTRA=JN( I, 3)
PH12=0.5*GMl( I, J)* ( (I, J) **2+V(I,J3)**2)
A(l, l)=0.ODO
A( 1,2 )=CX
A( 1,3 )=CY
A(l,4)0O.DO
A(2, 1)=CX*PHI2-U( I,J)*CONTRA
A(2,2)=CONTRA-(GAMMA(I,J)-2.)*CX*U(I,J)
A(2,3 )=CY*U( I, J)-GM1(f , ) *CX*V( I,J)
A(2, 4)=GM1( I, 3)*CX
A(3, 1 )CY*PHI2-V( I, J)*CONTPJA
A(3,2)=CX*V(I,J)-GM1(I,J)*CY*U(I,J)
A(3,3)=CONTRA-CY*V(I,J)*(GAMMA(I,J)-2.)
A(3, 4)=GM1( IJ)*CY
A(4, 1)=CONTRA* (2.**PHI2GCAMMA(I, J)*E( I, J)/RHO( I,3))
A(4,2 )=CX* (GAMMA( I,3) *E( I, J)/RHO(I, J)-PHI2 )-GM1( I,J) *CONTRA

>*U(IJ)
A(4,3 )=CY*(GAMMA(I, J)*E( I, J)/RHO( I, J)-PHI2 )-GM1( I, J)*CONTRA

>*V(I,J)

A(4, 4)=GAMMqA( I,T )*CONTRA
RETURN

ENDIF
ENDIE

C
PH12=0.5*GM1( I, J)* (U( I,J3)**2+V(I,J3)**2)
ERC=E( I, 3)/RHO( I, 3)/CO
ECR=E( I,J)*CO/RHO( I, 3)
R1=SAIX( 1,J)
R2=SAIY( 1,J)
R1T=R1/CX
R2T=R2/CX
G2M2=(2.*GAM4A( 1,3)-i. )*5/GAM1rA(IJ)
G23G=( -GAMMA( I,3) **2+3.*GAMMA( I, )-i. )*. 5/GAMMA( I, 3)
G34G=(3.*GAMM ( I, J) -2.)*25/GAMMA( I, 3)
GM12=GMi(I,J)**2*.5/GAMMA(I,J)
CGEC=C0*.5/GAMMA(I,J)-0.25*GM1(I,J)*ERC
RKUU=CX*U( I,J)+R1T*UN( 1,3)
RKVU=CX*V( I,J)+R2T*UN( I, 3)

U2V2=PHI2/GM1 (I, J)*2.
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RKU2=.25*GM1(I,J)*(CX*.5*U2V2+UN(I,J)**2/CX)
GllG=(1. ±GAMMA(I,J)-GAMMA(I,J)**2)*.5/GAMMA(I,J)
G22M=(GAMMA(I,J)**2-1.)*.5/GAMMA(I,J)

C
IF( IA.EQ. 1)THEN
A(l,1)=.25*GMI(I,J)*CX*ERC
A(1,2)=0.5/GAM-MA( Y,J)*R1l .25*GM1(I,J)*CX*U(I,J)/CO
A( 1,3 )=0. /GAiMMA( I,J) *R2-. 25*GMl (I, J) *C(*V( I, J)/CO
A(l,4)=.25*GMl(I,J)*CX,/CO
A(2, l)=-0. 5/GAMMA( I,J) *U( I,J) *UN( I,J) 5*R1*PHI2-.CGEC*RKUU
A(2,2 )=GllG*Rl*U( I,J) ±0. 5/GAM4A( I,J) *UN( I, J)+. 5* (CX4+Rl*RlT)
'~/GAMMA(T,J)*C0-0.25*GMl(I,J)*U(I,J)/C0*RKUU

A(2,3)=0.5 '/GAMMA(1-,J)±R2*U( I,J)-.5*GMl(I,J)*R1*V(I,J)+.5*R1T*R2
>/OAMMA( I,J) *CO...)25*GM1 (I, J) *V( I, J)/CO*RKUU
A(2,4).*GMl(I,J)*R+.25*GM1(I,J)*RKUU/CO
A(3, 1)=-0. 5/GAMM"A( I,J) *V( I,J) *UN( I,J) +0. 5#,R2*PHI2-CGEC*RKVU
A(3,2)=0.5/GAMNA( I,J)*R1*V(I,J)-.5*GM1( I,J)*R2*U( I,J)+0.5*R1

> -R2T/GAM4MA(I,jT)*.C0..0.25*GM(I,J)*U(I,J)/CO*RKVUJ
A('3,3 )=0 . 5,//GANMA( I,J) *UN( I,J) ±GllG*R2*V(I, J)+ (CX+R2T*R2 )*.
>/GAMMA( I,J) *e2OJQ25*GM1 (I, J) *V( I, J)/C0*RKVU
A(3,4)=.5-*GM1q(I,J)*R2.5*GM1(I,J)*RKVU/CO
A(4, 1y=G22M*UN(,J)*U2V2.5*GAMA(I,J)*UN(I,J)*E(I,J)/RH(I,J)+
>CX/GAMMA( I,J) *PHI2 kC0-UN( I,J) **2*CO/GAMMA( I, J)/CX-. 25

> *CX*ECR+RKU2*ERC
A(4,2)=-.G22M*IJ(I,J)*UN(I,J)±.5*Rl*GAMMA(I,J)*E(I,J)/RHO(I,J)

> -(G--AMMA(I,J)+1. )*.5/GArvTIA(I,J)*R*PH2G34G*CX*U(I,J)
> *CO+RIT/GAMMA( I,J) *UN( I,J) *CO..RKU2*U( I, J)/CO
A(4,3)=-G22M*V(I,J)*UN(I,J)+.5*R2*GAMMA(I,J)*E(I,J)/RHO(I,J)
> ~-(GANN4A(I,J)+1. )Y 5/GAMMA(I,J)*R2*PHI2-G34G*CX*V(I,J)

> CO±R21'/GAMMAJ(I,J)*UN(I,J)*CC-.RKU2*V(I,J)/CO
A(4,4)=.5-GAMMA(I,J)*UN(I,J)+.75*CX*CO+RKU2/CO
EL SE
A(1,1)=-.25c*GM'I(T,J[)*CX*ERC
A( 1,2 )=G2M2*Rl V. 25*GM1 (I, J)*CX*U( I, J)/C0
A( 1,3 )=G2M2-R2+. 25*GM1 (IJ) *CX*V( I, J)/CO
A( 1, 4)=.25*GM1( I,J)*CX/CO
A(2,1)=-G2M2*U(I,J)*UN(I,J)±.5*Rl*PHI2+CGEC*RKUU
A(2,2)=G23G*R1*U(I,j) +G2M2*UN(I,J)- .5*(CX+R1*RlT)/GAMv A(I,J)
>*CO+0.25*GMl(I,J)*U(I,J)/C0*RKUJ
A(2, 3)=G2M2*R2*U( I,J)-.. 5*GMl( I,J)*R1*V( I,J)-.5*RIT*R2
>/GAMMA( I,J) *C0+0. 25*GM( I, J) *V( I, J)/CO*RKUU
A(2,4)=. 5*GM1( I,J)*R1-.25*GM1(I,J)*RKUU/C0
A(3, 1)=-G2M2*V( I,J) *UN( I,J) +0. 5*R2*PHI2ICGEC*RKVU
A(3,2)=G2M2*R1*V( I,J)-.5*GMl(IJ)*R2*U( I,J)..0.5*R1*R2T
>/GAMMA( I,J) *C.0+0. 25*GM1( I,J) *U( I, J)/CO*RKVU
A(3,3)=G2M2*UNUI,J)+G,23G-*R2*V(I,J)-(CX+R2T*R2)*.5/GAMMA(I,J)*CO+
> O.25*GMI(I,J)-V( ±,J)/CO*RKVU

A(3, 4)=. 5"kGM1 (I, J)*R2..25*GM1( I, J)*RKVU/CO
A(4, 1)-=Gv!1*N(I,J)*U2V2.5*GAMA(I,J)*UN(I,J)*E(I,J)
>/RH0(I,J)-CX/GAMMA(T,,J)*PHI2*C0KJ-N(T,J)**2*CO/GAMMA(I,J)/CX+.25

> *CX*ECR-PKU2*ERC
A(4,2 )=-GM12*TJ( I, J) *JN( I, J)+. 5*Rl*GAMMA( I,J) *E(I, J)/RHO(I, J)
> -~GM1( I, J)*. 5/GAMMA(1, J) *R1*PHI2±G34G*CX*U( I,J)C-l

> /GAMMA( T,J)*IJN(T,J)*CO4RKU2*U(I,J)/CO
A(4,9)=-G~PM2*V(I,J)*U(I,J)+.5*R2*GAMMA(I,J)*E(I,J)/RHO(I,J)
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> GM1( I, J)*.5/GAMMA( I,J) *R2*PHI2+G34G*CX*V( I,J) *C0.R2T
>/GAMMA( I,J)*UN( I,J)*CO+RKU2*V( I,J)/CO
A4, 4):. 5*GAMMA( I,J) *UN( I, J)-.75*CX*CO..RKU2/CO

ENDIF
RETURN

C* VISCOUS TERM JACOBIAN MATRIX

ENTRY VJACOB(A,PC,I,J)
JPl=J+l

ZMUP::O 5* (ZMJ( I, J) +ZMU( I, JP1))
ZMUM=O. 5* (ZMU( I,J) +ZMU( I, JM1)

YYM ::.5*(Y(I,J)+Y(I,JM1))

YJp :RJ(I,JP1)/Y(I,JP1)
IF(JM1.EQ. l)THEN
YJM=O.
ELSE
YJM =RJ(I,JM1)/Y(I,JMl)
ENDIF
IF(PRNT.EQ. O.DO)THEN
GAMP::O 5* (GAMNA( I, JP1)+GAMMA( I, J))
GAMM=O. 5*(GAM~A( I, JM1)4-GAMMA( I, J))
GKCPP=ZMUP *GAMP/PRN
GKCPM=ZMUM*GAMM/PRN
ELSE
ZMUTP =O.5*(ZMUT(JPl)4ZMUT(J))
ZMTJTM = O.5*(ZDMT(JM1)+ZMUT(J))
ZMULP = ZMUP - -MUTP
ZMULM = ZMUM - ZMUTM
GAMPO0.5* (GAMMA( I, JP1)+GAMMA( I,J))
GAMM::O.5*(GAMMA(I,JMl)+GAMMA(I,J))
GKCPP = GAMP*(ZMULP/PRN4-ZMUTP/PRNT)
GKCPM = LAivM(ZIYuLM/PRN+ZMUTM/PRNT)
ENDIF
EXJ=ETAX( I, J)/RJ( I, J)
EYJ=ETAY( I, J)/RJ( I,J)
ZMUU=ZMU( I,J)
0R=1./RHO( I,J)
ORP:1 ./RHO( I, JPl)
ORM1. /RHO( I, JM1)
ZMURP=ZMU( I, JP1 )*ORP
ZMURM=ZMU( I,JM ) *ORM
UR =U(I,J)*OR
URP=U( I, JP1 )*ORP
URM=U(I,JM1)*ORM
VR =V(I,J)*OR
VRM=V( I,JMl ) *QpJ
VRP=V( I, JP )*ORP
UMRP=URP*ZMU( I,JPl)
UMRM=URN*ZMI( I, JM1)
VMRP=VRP*ZMU( I, JP1)
VMPM=VRM*ZMU(I,JMl)
U2R =TTR*U(I,J)
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U2RP=URP*U( I, JP1)
U2RM=URM*U( I, JM1)
V2R =VR*V(I,J)
V2RP=VRP*V( I,/JP1)
V2RM=VRM*V( I,JMl)
UVR =UR*V(I,J)
UVRP=URP*V( I, JP1)
UVRM=URM*V( I,JMl)
ER2 =E(I,J)*OR**2
ER2PrE (I, JPl )*ORP**2
ER2M=E (I, JMl )*ORM**2
ZRYJP=ZMJRP* yjp
ZRYJM=ZMURM*YJM
ORYJP=ORP *Y
ORYJM=ORM*YJM
VMRP---ZMURP*V( I,JP ) *yjp
VMRM=-ZMURM*V( I ,JM ) *YJM
URYJP=-URP*YJP
URYJM=-URM*YJM
VYJP=2.*ZMU( I, JPl )*VRP*YJP
VYJM=2. *ZMl( I, JMl )*VRM*YJM
V2YJP=-V2RP*2.*Z4J( I, JPl )*YJP
V2YJM=-V2RM*2.*ZvJ( I, JMl )*YJM
UVYJP=-2. *ZMJ( I, JPl )*UVRP*YJP
UVYJM=-2.*ZU( I ,JM ) *UV~RM*YJM
VY.P2= 1VTP*n. 5,
VY.JM2=0. 5*VYJM
IYJP=ZMU( I,JP ) *URP*YJP
UYJM=ZMU (I, JM ) *URM*YJM
AAP1= ZMUP*Al(I,J)*YYP
AAP2= ZMUP*A2( I, J)*YYP
AAP3= ZMUP*A3(I,J)*YYP
AAP4= GKCPP*A4(I,J)*YYP
AAMl= ZMUM*Al(I,JMl)*YYM
AAM2= ZMIJM*A2 (I ,JM1 )*YYM~
AAM3 =ZIVUM*A3 (I, JM ) *YYM
AAM4 =GKCPM*A4 (I, JVll )*YYM
IF(JM2 .EQ. 1 TMEN
CALL SZERO(4,A)
EL SE
A(1,l) =0.
A(1,2) =0.
A(2,3) =0.
A(1,4) =0.
A2 l=(AAMI*URM+AAM2*VRM)*RJ( I, JM1 )/Y( I, JM1)
A(2, 1) =A21-1./3.*EXJ*VMRM
A( 2,2) =.-AAMl*ORM*RJ( I, JM1 )/Y( I, JM1)
A(2,3) =-AAM2*ORM*RJ(I,JM1)/Y(I,JMl)-l./3.*EXJ*ZRYJM
A(2,4) =0.
A3 1=(AAM2*URM+AAM3*VRM) *RJ( I, JM1 )/Y( I,JM1)
A(3, 1) =A31+1./3.*ZMU(I,j)

* *EXJ*URYJM
A(3 ,2) =-AAM2*ORM*RJ( I,JM1)/Y( I,JM1)+l./3.*ZMJ( I,J)*EXJ*ORYJM
A( 3,3) =-AAM3*ORM*PJ( I, JMl)/Y( I, JM1)
A(3,4) =0.
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A(4, 1) =(-AAM4*(-ER2M+U2RM±V2RM)+AAMI*U2RM+AAM3*V2RM+
+ 2. *AAM2*UVRM) *RJ (I, JMl )/Y( I,JM ) -
+ 1.,j3.*EYJ*V2YJM-l./3.*EXJ*UVYJM
A(4,2) =AAN,4*URM*RJ(I,JM1)/Y(I,JMl)-A21l1./3.*EXJ*VYJM2
A(4,3) - A4;VMR(,M)YIJ1-3-.3*Y*YM

* 1.73.*EXJ*UYJM
A( 4,4) =.-AAM4*ORM*RJ( I,JMl )/Y( I,JMl)
ENDIF
C(l,l) =0.
C(1,2) =0.
C(1,3) =0.
C(1,4) =0.
C21=(AAPl*URP+AAP2*VRP)*RJ(I,JPl)/Y(I,JPl)
C(2, 1) =C21+1-./3.*EXJ*VMRP
C (2,2) =-AAPl*ORP*RJ( I,JPl )/Y( I,.JPl)
C(2, 3) =-AAP2*ORP*RJ(I,JPI)/Y(I,JP1)+l./3.*EXJ*ZRYJP
C( ' ,4) =0.
C3 1=(AAP2*URP+AAP3*VRP )*RJ( I, JP1)/Y( I,JPl)
C(3, 1) =C31l1./3.*ZMU(I,J)

* *EXJ*URYJP
C(3,2) =-AAP2*ORP*RJ(I,,JPl)/Y(I,JPl)-l./3.*ZMUR(I,J)*EXJ*0RYJP
C( 3,3) =-AAP3*0RP*RJ( I,JPl )/Y( I,JPl)
C(3,4) =0.
C(4, 1) =(-AAP4*(-ER2P+U2RP+V2RP)+AAP1*U2RP+AAP3*V2RP+

+ 2. *AAP2*UVRP) *RJ( I, JPl)/Y( I,JPl) +
+ 1.73. *EYJ*V2YJP+l /3.*EXJ*UVYJP
C(4,2) =AAP4*URP*RJ( I,JP1)/Y( I,JP1)-C21.41./3.*EXJ*VYJP2
C(4,3) =AAF4+VRP*RJ(I,JP1)/Y(I,JP1)-C31+1./3.*EYJ*VYJP

+ I./3.*EXJ*UYJP
C( 4,4) =.-AAP4*ORP*RJ( I, JP1)/Y( I, JPI)
AA1 =AAP1±AAMI
AA2 =AAP2+AAM2
AM3 =AAP3+AAM3
AA4 =AAP4+AAM4
B(1,1) =0.
B(1,2) =0.
B(1,3) =0.
B(1,4) =0.
B(2, 1) =(-AA1*UR-AA2*VR)*RJ( I,J)/Y( I,J)
B(2,2) =AA1*OR*RJ( I,J)/'Y( I,J)
B(2, 3) =AA2*0R*RJ( I, J)/Y( I, J)
B(2,4) =0.
B(3, 1) =(-AA2*UR-AA3*VR)*RJ(I,J)/Y(I,J)
B(3,2) =AA2*0R*RJ( I,J)/Y( I,J)
B(3, 3) =AA3*0R*RJ( I, J)/Y( I, J)
B(3,4) =0.
B(4, 1) --(A*-R+2+2)A1URA3VR

* ~2. *AA2*UJVR)*RJ( I, J)/Y( I, J)
B(4,2) z=AA4*UR*RJ(I,J)/Y(I,J)-B(2, 1)
B(4,3) =.-AA4*VR*RJ( I,J)/Y(I,J)-B(3, 1)
B(4,4) =AA4*OR*RJ(I,J)/Y(I,J)
RETURN
END

C----------------------------------------------------------------------
SUB3ROUTINE EIGMTX
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C* SUBROUTINE FOR EIGENVECTOR MATRIX CALCULATION
C* IF IA~l L FOR ACAP
C*' IF IA=2 L FOR BCAP

C* **************************************************** *

IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZ=150, JZ=80)
COMMON/VECTOR/DQ( IZ, JZ, 4) ,Q( IZ, JZ, 4) ,F( IZ, JZ, 4) ,G( IZ, JZ, 4),

>P( IZ, JZ) ,U( IZ, JZ) ,V( IZ, JZ) ,UN( IZ, JZ) ,VN( IZ,JZ)
COMMON/COORD/SAIX(IZJZ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,JZ)
>,ZMUT(JZ) ,RJ(IZ,JZ),X(IZ,JZ),Y(IZ,JZ),DELTAU(IZ,JZ)

> AREA( IZ) ,ZMU(IZ,JZ) ,Al(IZ,JZ) ,A2(IZ,JZ),A3(IZ,JZ),A4(IZ,JZ)
COMMON/CONST/AIN,AEX, RL, EXI ,EYI ,OMEGAX,OMEGAY,CFL,THETA,PO,TO,
-CF, ,PRNT, PB, RMl, SUM( 4), ZMUO, REN, PRN, TWALL, TREF
>, BlOT, TWi
COMMON/CONST1/GAMMA( IZ, JZ) ,GMl( IZ,JZ) ,CP( IZ, JZ) ,CV( IZ, JZ) ,RGAS
COMMON,/INTEG/IL,JL, 1L1,JL1,NEND,NBEG,NADV, ITIME, IVISC,NORD, IWALL

> IWBC, IFLOW
DIMENSION RHO(IZ..JZ) ,RHOU(IZ,JZ),RHOV(IZ,JZ),E(IZ,JZ)
EQUIVALENCE(Q( 1, 1, 1),RHO(l,1) ), (Q(l, 1,2) ,RIIOU(1, 1),
> * ** ** ** ** ** ** ** ** ** *** ** ** *** ** ** ** ** ** **

DIMENSION A(4,4)

ENTRY EIGEN(IA,A,I,J)
IF(IA.EQ.2)GO TO 10
CX=SAIX( I, J)
CY=SAIY( I,J)
GO TO 20

10 CX=ETAX(I,J)
CY=ETAY( I,J)

20 CONTINUE
SQ2=DSQRT( 2.DO)
C=DSQRT(GAMNA( I, J)*P(I, J)/RHO( I, J))
C1=CX/DSQRT(CX**2+CY**2)
C2=CY/DSQRT(CX**2+CY**2)
A1, l)=1. -0. *GMI( I, J)* (U( I, J)**2+V( I, J)**2)C*
A1,2 )=GM1( I, J)*U( I, J)/C**2
A1,3 )=GM1( I, J)*V( I, J)/C**2

A( 2,2 )=C2/RHO( I, J)

A(2, 4)=O.

> 0. 5/SQ2*GM1( I,J)*(U(I,J)**2+V(I,J)**2)/RHO(I,J)/C

A(3, 3)=C2/SQ2/RHO(I,J)-GM1(I,J)/SQ2*V(I,J)/RHO(I,J)/C

A(3,4)=GM1(I,J)/SQ2/RHO(I,J)/C
A(4, 1)=(C1*U(I,J)+C2*Vl(I,J) )/SQ2/RHO(I,J)+0.5/SQ2*GM1(I,J)*
>(U( I, J)**2+V( I, J)**2 )/RHO( I, J)/C

A(4,3)=-C2/SQ2/RHO(I,J)-GM1(I,J)/SQ2*V(I,J)/RHO(I,J)/C

A(4,4)=GM1(I,J)/SQ2/RHO(I,J)/C
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RETURN

C* LEFT & RIGHT EIGENMATRIX FOR XI DIRECTION

ENTRY FIGI\R(A, 1,J)
CX=SAIX(]I,*.')
CY=SAY( I, J)
SQ2=l./DSQRT(2.DO)
C=DSQRT(GAMAA( I, J)*P( I, J)/RHO( I, J))
CXCY=l ./DSQRT(CX**2+CY**2)
Cl =CX*~CXCY
C2=CY*CXCY
A(l, l)=l.
A( 1,2 )=O.
A(i,3)=RHO( I,,T)*SQ2/C
A( 1, 4)=A( 1,3)

A( 2,2 )=RHO( I,J) *C2
A(2,3)=SQ2*RHO(I,J)*(U(I,J)/C+C1)

A(3, 1)=V( I, J)

A(3, 3 )SQ2*RHO( I, J)* (V( I, J)/C+C2)
A(3,4)=SQ2*RHO(I,J)*(V(I,J)/C-C2)
A4, 1)=0.5* (U(I, J) **2+V( I, J)**2)

TEMP=O 5*SQ2*RHO( I, J),(U( I,J) **2+V( I, J)**2 )/C
+ -4RHO( I, J)*SQ2*C/GM1(I, J)

RUC=SQ2*RHO( I,J) *(IJ( I, J)*C1±V( I,J)*C2)
A(4, 3 )TEMP+RUC
A(4, 4) -TEMP-RUC
RETURN
END

C----------------------------------------------------------------------
C----------------------------------------------------------------------

SUBROUTINE COEFY( I)

C* SETTING COEFFICIENTS FOR LY-OPERATOR

IMPLICIT REAL*8(A-lH,O-Z)
PARAMETER (1Z=150, JZ-z8O)
COMMON,/VECTOR/DQ(IZ,JZ,4) ,Q(IZ,JZ,4),F(IZ,JZ,4),G(IZ,JZ,4),

>P( IZ, JZ) ,U( 2, JZ) ,V( 2, JZ) ,UN( 2, JZ) ,VN( IZ, JZ)
COMMON/COORD/SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZJZ)

> ZMTUT(,JZ) ,RJ( IZ,,JZ) ,X(r12,JZ) ,Y(TZ,JZ), DELTAU(IZ, JZ)
>,AREA(IZ) ,ZMU( IZ,JZ),Al( IZ,JZ),A2(IZ,JZ),A3(IZ,JZ),A4(IZ,JZ)
COMMONl/CONST/AIN, AEX, RL, EXI ,EYI ,OMEGAX, OMEGAY, CFL,THETA, P0, TO,
>CFL1,PRNIT,PB,RMl,SUM(4),ZMUO,REN,PRN,TWALL,TREF
>BlOT, TWI
COMMVON/CONST1/GAMMA(IZ,JZ),GM1(IZ,JZ),CP(IZ,JZ),CV(IZ,JZ),RGAS
COMMON/INTEG/IL,JL, ILI,JL1,NEND,NBEG,NADV,ITIME,IVTSC,NOPD),IWALL

>, IWBC, IFLOW
DIMENSION RHO(IZ,JZ) ,RHOU(IZ,JZ),RHOV(IZ,JZ),E(IZ,JZ)
EQUIVALENICE(Q( 1,1,1), RHO( 1,1)), (Q( 1,1,2), RHOU( 1,1)),
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DIMENSION AM(4,4,JZ),BM(4,4,JZ) ,CM(4,4,JZ) ,DM(4,JZ)
DIMENSION DTEMP(4),ISUB(JZ)
DIMENSION B(4,4) ,BL1(4,4) ,D(4,4),A(4,4),AJM(4,4)

CHOIBECIN
DIMENSION AM1L1(4,4) ,BMIL1(4,4),CMIL1(4,4) ,DMIL1(4)
DIMEN61ON BJ2(4,4) ,BJ1(4,4) ,DD(4,4)
DIMENSION AMIL(4,4),BMIL(4,4) ,CMIL(4,4) ,DMIL(4)
DIMENSION AMINV(4,4)
DIMENSION AB1(4,4) ,AB2(4,4),AB3(4,4),AB4(4,4)
DIMENSION D1(4) ,D2(4) ,D3(4) ,D4(4)

C0 I END
DATA lSUB .'I7Z*O/

C* CHECK THE SONIC POINT AT DOWNSTREAM END
IE(IVISC.NE.1)GOTO 15
IF(I.NE.IL)COTO 15
DO 5 J=1,JL
CO=DSQRT(GAMMA( I, J)*P( I, J)/RHO( I, J))
CONTRAZUN( I, J )-DSQRT (SAIX( I, J)**2+SAIY( I, J)**2 )*

E(CONTRA.1,T.0 .DO)THEN
I SUB ( J )=

ELSE
ISUB(Jy-O

END I F
IF(TUN(I,.J).LT.O.DO)ISUB(J)=2
IF(FB. EQ.0.DO) ISUB(J)=0
TF(NADV.EQ-.1) ISUB(J)=O

5 CONITINUE
15 (7C)IT INfUF

C* ON THE C:Efl''- LiN OF THE NOZZLE AT J1l

CALL, S2EPO(4,AM(1,1,J))

TDo 20 M-1i,4
DM (M, j) C.-
RM(M,M,J)=BM(M,M,J)+1 .0

20 CONTINUE
CAIr.i S2-EPO(4,CM(,1,J))

C* TNTF2PJ)R NODS

DO) 80 .J=2,31L1
TATJD=O. 51DO-DELTAIAJ( I, J) ,"THETA/EYI
TATJD2=2. *TJIJD
,Jm1= J- 1
JP 1- 141
CALL, JACOB(2,B,I,, Ii)
CALE, S'M(4,-TATJD,B,AM(,I,J))
CALL S2EPO (4, BM (1, 1,J))
DOj 60 M-1,4

60 BM(M,M,J)=BM(M,M,J)+1.
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IF( I .Q. Ir.AND. ISUB(J) .NE.0)THEN
-ALL AJACOB(l,A,I,J)

CALL, SZERO(4,AJM)
EL SE
CALL TRTJEJ(i,A,I,J)
CALL TRUEJ(2,AJM,I,J)

END IF
CALL DHDQ(D,I,J)
DO 65 M=1,4
DO 65 N=1,4
BM(M,N,J)=BM(M,N,J)-TAUD2*(D(M,N)-A(M,N)+AJM(M,N))
IF(I.NE.2.AND.I.LT.ILl)BM(M,N,J)=BM(M,N,J)+NORD*TAUD*

* (A(M,N)-AJM(M,N))
65 CONTINUE

CALL JACOB(2,B,I,JPl)
CALL SMM(4,TAUD,B,CM(1, l,J))

C* INSERT VISCOUS JACOBIAN LHS HERE

IF(IVISC.EQ. l)THEN
CALL VJ7-ACOB(A,B,D,I,J)
DO 68 M=1,4
DO 68 N=1,4

NM(,~j )=AM(M, N, J )-DELTAU( I,J) *A(M, N)

BM(M, N, J )BM(M, N, J)+DELTAU( I,J) *B(M,N)

68 CM(M, N,J)=CM(M,N,J) 4-DELTAU(I,J)*D(M,N)
ELSE
END IF
DO 70 K=1, 4

70 DM(K,,JVDQ( I,J,K)
C
C SUBSONIC REGION KEEP BACK PRESSURE
C

IF(IVISC.EQ.l.AND.(I.EQ.IL.AND.ISUB(J).EQ.1))THEN
CALL EICEN(l,BLl,I,J)
DO 72 K=1,4

72 BLl(4,K)=0.
CALL MMM(4,BLl,AM(l, l,J) ,A)

CALL, MMM( 4, BLi,BM( 1,1, J) ,B)
CALL MMM(4,BLl,CM(1, l,J) ,D)

DO) 74 M=1,4
Do 74 N=1,4
AM(M,N, J)=A(M,N)
BM(M,N, J)=B(M,N)

74 CMv(M,N,J3)=D(M,N)
Do 76 M=1,4
DTEMP(M)0O.
Do 76 K=1,4
DTEMP(M)=DTEMP(M) +BLl (M, K)*DM(K, J)

76 CONTINUE
DO 78 M=1,4

78 DM(M,J)=DTEMP(M)
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BM( 4, 4,J)=GMl( I,J)/Y( I,J)
lF(PB.NE. 0.DO)THEN
DM(4,JT)=(PB-P( I,J) )/RJ( I,J)
ELSE
DM(4, J)=O.
ENDI F
ELSE
END IF

C
CREVERSE FLOW REGION

IF( IVISC .EQ. l.AND. (I. EQ. IL.AND. ISUB(J).EQ.2) )THEN
CALL EIGEN(l,BLl,T,J)
DO 73 K=1,4

BLl(2,K)0O.
73 BLl(4,K)=O.

CALL MMM1(4,BLl,AMI(1, 1,J) ,A)
CALL MMM(4,BLl,BM(l, l,J) ,B)
CALL MMM(4,BLl,CM(l, l,J) ,D)
DO 75 M=1,4
DO 75 N=1,4
AM (M, N, J )A (M,N)
BN(M, N, J)=B(M,N)

75 CN(M,N,J)=D(M,N)
DO 77 M=1,4
DTEMP(M)=O.
DO 77 K=1,4
DTEMP(M)=DTEMP(M)+BL1(M,K)*DM(K,J)

77 CONTINUE
DO 79 M=1,4

79 DM(M,J)=DTEMP(M)

RCV=RHO( I, J)*C7( I, J)
RJRCV=RJYY/RCV
BM( 1, 1,J)=( -E( I, J)/RHO(I, J)+GMl( I, J)/GAMMA( I, J)* (U( I,J)**2
* V(I,J)**2))*RJRCV
BM( 1,2, J)=.-GMl( I, J)/GAMMA( I,J) *U( I, J)*RJRCV
BM( 1,3, J)=-GMl (I, J)/GAMMA( I,J)kV( I,J)*RJRCV
BM( 1,4, J)=RJRCV
C1l=(RHO( I, J)*E( I, J)-0. 5*RHO(I, J)**2* (U( I, J)**2+V(I, J)**2))
C2=(RHO(I,J)*E(I,J)-O.5*GM1(I,J)/GAMMA(I,J)*RHO(I,J)**2*(U(I,J)**2
* +V(I,J)**2))

BM(2,1,J)=(O.5*(U(I,J)**2+V(I,J)**2)*C3+C4*E(I,J)*(Cl-C2)/RHO(I,J)
*)*GMl(I,J)*RJYY
BM(2, 2, T)=(-U( I,J) *C3+C4*U( I, J)* (C2-GM1(I, J)/GAMMA(I, J) *Cl)
>*GM1(I,J)*RJYY
BM(2, 3, J)=( -V( I, J) *C3+C4*V( I, J)* (C2-GMl( I, J)/GAMMA(I, J) *C1)
>*GMI(I,J)*RJYY
BM(2,4,J)=(C3+C4*(Cl-C2))*GM1(I,J)*RJYY

EM( 4,2, J)=ETAX( I, J)*RJYY/RHO( I,J)
BM( 4, 3, J)=ETAY( I, J)*RJYY/RHO( I,J)
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BM(4, 4, J)=O.

+V(I,J)**2) )/CV(I,J)

PON=P( IJ)*(TON/TT)**(GAMMA(I,J)/GMl(I,J))
DM(l,J)= (TWALL-TON)
DM(2,J)= (PB-PON)

END IF
C
CHOI
CHOI

IF( IVISC.EQ.0.AND.J.EQ.JL1) GOTO 8001
GO TO 80

8001 Do 8002 M=1,4
DO 8002 N=1,4
AIlLi (N, N)=AM(M, N, JLl)

8002 CONTINUE
DO 8003 M=1,4
DO 8003 N=1,4
BMIL1(M,N)=BM(M,N,JL1)

8003 CONTINUE
DO 8004 M=1,4
DO 8004 N=1,4
CMIL1(M,N)=CM(M,N, JL1)

8004 CONTINUE
DO 8005 M=1,4
DMIL1 (M)=DM(M, JL1)

8005 CONTINUE

CHO I
80 CONTINUE

C*

C* WALL BOUNDARY CONDITION
C*
CHOI J=JL
CHOI TAUD=THETA*DELTAU( I, J)/EYI
CHOI IF(IVISC.EQ.1)GOTO I1l
CHOI CALL SZERO(4,AM(1,1,J))
CHOI CALL JACOB(2,B,I,J-1)
CH0I CALL AJACOB(1,A,I,J)
CHOI CALL AJACOB(2,AJM,I,J)
CHOI CALL EIGEN(2,BL1,I,J)
CHOI DO 90 M="1,3
CHOI DO 90 N=1,4
CHOI DO 90 K=1,4
CR01 90 AM(M,N,J)=AM(M,N, J)-TAUD*BL1(M,K)*B(K,N)
CHOI CALL SZERO(4,BM(1,1,,J))
CHOI CALL JACOB(2,B,I,J)
CHOI CALL DHDQ(D,I,J)
CHOI DO 100 M=1,3
CHOI DO 100 N=1,4
CHOI BM(M,,iJ)=BM(M,N, J)+BL1(M,N)
CHOI DO 100 K=1,4
CR01 B3M(M,NT,J)=BM(M,N,J)+TAUD*BL1(M,K)*(B(K,NN+A(K,N)-D(I',,N)-AJM(K,N))
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CHOI IF(I.NE.2.AND. I.LT.ILl) BM(M,N,J)=BM(M,N,J)+NORD*0.5*TAJD*
CHOI * BLl(M,K)*(A(K,N)-AJM(K,N))
CHOI 100 CONTINUE
CHO I
CHOIBEG

J= JL
TAUD=THETA*DELTAU( I, J)/EYI
IF(IVISC.EQ.l) GOTO 111
CALL JACOB(2,BJ2,I,J-2)
CALL JACOB(2,BJ2,I,J-1)
CALL JACOB(2,B,I,J)
CALL AJACOB(1,A,I,J)
CALL AJACOB(2,AJM,IJ)
CALL EIGEN(2,BL1,I,J)
DO 899 N=1,4

899 BL1(4,N)=0.D0
CALL HJAC(DD,J)
DO 90 M=1,4
DO 90 N=1,.4
AMIL(M, N)=0. 5D0*BJ2 (M, N) *TAUD

90 CONTINUE
DD 91 M=1,4
DO 91 N=1,4
BMIL(M,N)=-2.DO*BJl(M,N)*TAUD

91 CONTINUE
CALL JACOB(2,B,I,J)
CALL DHDQ(D,I,J)
DO 100 M=1,4
DO 100 N=1,4
CMIL(M,N)=DD(M,N)+TAUD*(1.5D0*B(M,N)+A(M,N)-D(M,N)-AJM(M,N))
IF(I.NE.2.AND.I.LT.1LL1) CMIL(M,N)=CMIL(M,N)+NORD*0.5D*TAJD*
>(A(M,N)-AJM(M,N))

100 CONTINUE
DO 1001 M=1,4

1001 DMIL(M)=DQ(I,JL,M)
C DO 2001 M=1,4
cc WRITE(6,2002) I,(AMIL1(M,N),N=1,4)
C2001 CONTINUE
C2002 FORMAT(2X,I5,2X,4D14.5)

CALL INVER(4,AMIL1,AMINV)
CALL MMM(4,AMINV,BMIL1,AB1)
CALL MMM(4,AMIL,AB1,AB2)
DO 101 M=1,4
DO 101 N=1,4

101 AB3(M,N)=AB2(M,N)-BMIL(M,N)
CALL MMM(4,BL1,AB3,AB4)
DO 102 M=1,4
DO 102 N=1,4

102 AM(M,N,J)=AB4(M,N)
CALL MMM(4,AI4INV,CMIL1,AB1)
CALL MMM(4,AMIL,AB1,AB2)
DO 103 M=1,4
DO 103 N=1,4

103 AB3(M,N)=AB2(M,N)-CMIL(M,N)
CALL MMM(4,BL1,AB3,AB4)
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DO 104 M=1,4
Do 104 N=1,4

104 BM(M,N, J)=AB4(M,N)
CALL MMV(4,AMINV,DMIL1,Dl)
CALL ?MV(4,Ar4iIL,D1,D2)
Do 105 M=1,4

105 D3(M)=D2(M)-DMIL(M)
CALL MMV(4,BL1,D3,D4)
Do 106 M=1,4

106 DM(M,J)=D4(M)
CH0OI
CHOIEND

BM(4, 1, J)=-VN( I,J)
BM( 4,2, J)=ETAX( I,J)
BM( 4,3, J)-ETAY( I, J)
BM (4, 4, J) =0.
CALL SZERk4,CM(1,1,J))

CHOI Do 110 M=1,3
CHOI DM(M,J)0O.
CHOI DO 110 K=1,4
CHOI DM(M, J)=DM(M,J)+BL1(M,K)*DQ( I,J,K)
CHOI 110 CONTINUE
C WRITE(6,*) I,J,BM(4,1,J)

DM(4, J)=0.
GOTO 119

111 CONTINUE
CALL SZERO(4,AM(1,1,J))
CALL SZERO(4,CM(1,1,J))
CALL SZERO(4,BM(1,1,J))
DO 112 M=1,4
DM(M, J)=O.

112 BM(M,M,J)=1.0
IF( IWBC. EQ. 1)THEN
OR=1./RHO( I, J)
ORCV=OR/CV( I, J)
U2V2=U(I, J)**2+V( I, J)**2
U2V21=U(I, JL1 )**2+V( I, JL1 )**2
YJJL=RJ( I, JL)/Y( I, JL)
YJJL1=RJ( I, JL1)/Y( I, JL1)
BM(1, 1,,J)(-E(I,J)*OR+U2V2)*YJJL*0RCV
BM( 1,2, J)=-U( I,J) *YJJL*ORCV
BM( 1,3, J)=-V( I,J) *YJJL*ORCV
BM( 1,4, J)=YJJL*ORCV
BM(2, 1,J)0O.
BM(2, 2, J)=YJJL
BM( 2,3, J)=0.
BM( 2,4, J) =0.
BM(3, 1,J)=0.
BM( 3,3, J)=YJJL
BM( 3,4, J)=0.
C1i SAIX( I,J) *ETAX(I, J) SAIY( I, J)*ETAY( I, J)
C2-ETAX( I, J)**2+ETAY( I, J)**2
CB=C1+C2
IF(I.GT.2) CB=CB+0.5*FLOAT(NORD)*C1
CD-C1*P( I-1,J)

87



FILE: PNSVIS FOR Al VM/SP CMS 4-8602 (02/02/88) -- THE PENNSYLVANIA STA

IF(I .GT.2) CD=CD+N0RD*Cl*(P(I-1,J)-0.5*P(I-2,j))
BM(4,l,J)=0.5*U2V2*YJJL*GMl(I,J)*CB
BM(4, 2, J)=.U( I,J)*YJJL*GMl( IJ*C
BM(4, 3, J)-V( I, J)*YJJL*GM1( I, J)*CB
BM(4, 4, J)=YJJL*GM1( I J)*CB
AM(4, l,J)=-O.5*U2V21*YJJLl*GM1(I,J)*C2
AM(4, 2, J)=U(I, J-)*YJ JLl*GMl( I,J)*C2
AM(4,3,J)=V(I,J-1l)*YJJL1*GMl(I,J)*C2
AM(4, 4, J)=-YJJLI*CMl( I, J)*C2
DO 113 M=1,3

113 DM(M,J)=O.
TJJ=P( I,J)/RHO( I,J)/RGAS
DM( 1, J)TWALL-TJJ
DM( 4, J)=CD+C2*P (I, JLl ) CB*P (I, JL)

C
C ADIABATIC WALL
C

IF( IWALL.EQ.O)THEN
ORCV=1./RHO(I,J)/CV(I,J)
ORCV1=1./RHO(I,J-1)/CV(I,J-1)
RUU=RGAS

CD=C1*TIM1
IF(I.GT.2) THEN
TIM2=P(I-2,J)/RHO(I-2,J)/RUU
CD=CD+NORD*C1* (TIM1-O. 5*TIM2)

ENDIF
BM(1, 1,J)=(-E(I,J)*0R±U2V2)*YJJL*0RCV*CB
BM(1,2,J)=-U(I,J)*YJJL*ORCV*CB
BM( 1,3, J)=-V(I, J) *YJJL*ORCV*CB
BM( 1,4, J)=YJJL*ORCV*CB
AM(1,l,J)=-(-E(I,J-1)*OR+U2V21)*YJJL1*ORCVl*C2
AM( 1,2, J)=U( I, T-1 )*YJJLI *ORCV1*C2
AM(1,3,J)=V(I,J-1)*YJJL1*0RCV1*C2
AM( 1,4, J)=-YJJL1*ORCV1*C2
TJM1=P( I,J-1)/RHO( I,J-1)/RUU
TJJ=P( I, J)/RHO( I, J)/RUU
DM( 1, J)=CD+C2*TJM1-CB*TJJ
ENDIF

C
C WALL COOLING (FROM UPSTREAM TO DOWNSTREAM
C

IF( IWALL.EQ.2.AND.IFLOW. EQ. 1)THEN

C2=C2/RJ( I,J)
C3=BIOT/Y( I,J)
CB=C1+C2 +C3
IF( I.GT.2) CB=CB+0. 5*FLOAT(NORD)*(C1+C3)
ORCVl ./RHO( I, J)/CV( I,J)
ORCV1=1 ./RHO( I, J-1)/CV( I, J-1)
RUU=RGAS

CD=(C1+C3 )*TIM1
IF(I.GT.2) THEN
TIM2=P( I-2,J)/RHO( I-2,J)/RUU
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CD=CD+NORD*(C1±C3)*(TIMl-O. 5*TIM2)
ENDIF
BM( 1,1, J)= -E(1, J) *OR -U2 V2 )*YJJL*ORCV*CB
BM(1,2,J) -~U(I,J)*YJJL*ORCV*CB
BM( 1,3, J)=-V( I, J)*YJJL*ORCV*CB
BM( 1,4, J)=YJJL*ORCV*CB
AM( 1, 1,J)=-.(-E( I, J-1)*OR+U2V2l)*YJJLl*ORCVl*C2
AM( 1,2, J)-=U( I, J-1 ) *YJJLl*ORCVl*C2
AM(1,3,J)=V(T,J-1)*YJJL1*ORCVl*C2
AM( 1,4, J)=-YJJL1*ORCV1 *C2

TJJ=P( I, J)/RHO( I, J)/RUU
DM( 1, J)CD+C2*TJM1-CB*TJJ
ENDIF

C
C INVERSE COOLING FLOW
C

IF(IWALL.EQ.2.AND. IFL-IOW.EQ.-1)THEN
TF( I.EQ. IL)THEN
DM(1,J)= TW1-TJ
GOTO 119

END IF

C2=C2/RJ( I,J)

CB=C2- (C1+C3)
IF(I.LT.IL1) CB=CB-O.5*FLOAT(NRD)*(Cl-4C3)
ORCV=1./RHO( I, J)/CV( I,J)
ORCV1=1./RHO( I, J-1)/CV( I, J-1)
RUU=RGA S
TIMI=P(I+1,J)/RHO( I+1,J)/RUU
CD=-~(C!+C3)*TIMI
IE(I.LT. ILl) THEN
TIM2=P(I+2,J)/RHO(I+2,J)/RUU
CD=CD+II0RD* (C1+C3 )* (-TIM1+0. 5*TIM2)

END IF
BM(1, 1,J)=(-E(I,J)*OR+U2V2)*YJJL*ORCV*CB
BM(1,2,J)=-U( I,J)*YJJL*ORCV*CB
BM( 1,3, J)=-V( I, J)*YJJL*ORCV*CB
BM( 1,4, J)=YJJL*0RCV*CB
AM11J=(EIJI*R+22)YJ1OC1C
AM(1,2,J)=U(I,J-l)*YJJL1*0RCVJ.*C2
AM( 1,3, J)=V( I, J-1 )*YJJLl*ORCV1*C2
AM( 1,4, J)=-YJJL1*ORCV1*C2
TJM1=P(I,J-1)/RHO(I,J-1)/RUU
TJJ=P( I, J)/RHO( I, J)/RUU
DM( 1, J)=CD+4C2*TJM1-CB*TJJ
ENDIF

C
ENDIF

119 CONTINUJE

C* SOLVE 4*4 BLOCK TRIDIAGONAL MATRICS

CALL NBTRIP(AM,BM,CM,DM,1,JL,4)
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DO 120 J=l,JL
DO 120 K=1,4

120 CONTINUJE
RETURN
END

C----------------------------------------------------------------------
SUBROUTIN,,E FLUXCL

C* SUBROUTINE FOR FLUX VECTOR CALCULATION

IMPLICIT REAL*8(A-H,O-Z)
PARAMETER (IZ=150, JZ=80)
COMMONl,"v'ECTOR/DQ( IZ, JZ, 4) ,Q( IZ, JZ, 4), F( IZ, JZ, 4) ,G( IZ, JZ, 4),

P( IZ, JZ) ,U( IZ, JZ) ,V( IZ, JZ) ,UN( IZ, JZ) ,VN( IZ, JZ)
COMMONI/COORD/SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,JZ)
>,ZIUT(JZ),RJ( IZ,JZ),X(IZ,JZ),Y(IZ,JZ) ,DELTAU(IZ,JZ)

> ,AREA( IZ),ZMU(IZ,JZ),Al(IZ,JZ),A2(IZ,JZ),A3(IZ,JZ),A4(IZ,JZ)
COMMON/CONST/A IN, AEX, RL, EXI, EYI, OMECAX, OMEGAY, CEL, THETA, P0, TO,
>CEL1,PRNT,PB,RMY,SUM(4) ,ZMUJO,REN,PRN,TWAEJL,TREF
>BIOT, TWi
COMMON,/CONST1/GAMMA( IZ, JZ) ,GMl( IZ,JZ) ,CP( IZ, JZ) ,CV( IZ, JZ) ,RGAS
COMONl/INTEG/IL,JL, 1L1,JL1,NEND,NBEG,NADV, ITIME, IVISC,NORD, IWALL

>/ IWBC, IFLOW
DIMENSION RIIO(IZ,JZ) ,RHOU(IZ,JZ) ,RHOV(IZ,JZ),E(IZ,JZ)
EQIJIVALENCE(Q( 1, 1, 1),RHO( 1,1) ), (Q(l, 1,2) ,RHOU(1, 1)),

DIMENSION A(4,4)
ENTRY FLUX(II)
I=I I

C*
C* COMPUTE CNVECTIVE TERMS

DO 10 j=1,JL
C F( I,J, 1)=RH0'I,J)*UN(I,J)/RJ(I,J)*Y(I,J)
C F( I,,J,2)=z( .OU(I,J)*UN(I,J)+SAIX(I,J)*P(I,J) )/RJ(I,J)*Y(I,J)
C F( I,,J,3)=(RHOV(I,J)*UN(I,J)+SAIY(I,J)*P(I,J))/RJ(I,J)*Y(I,J)
C F( I,,J,4)=(E(I,J)+P(I,J) )*UNl(I,J)/RJ(I,J)*Y(I,J)

CALL AJACOB(1,A,IJ)
DO 3 K=1,4
F( I,J, K)=0.
DO 3 j.3=1,4

3 F(T,,J,K)=F(I,J,K)tA(K,JJ)*Q(I,J,JJ)*Y(I,J)/RJ(I,J)
G( I,J, 1)=RHO(I,J)*VN(T,J)/RJ(I,J)*Y(I,J)
G(I,J,2)=(RHOU(I,J)*VN(I,J)+ETAX(I,J)*P(I,J))/RJ(I,J)*Y(I,J)
G(I,J,3)=(RHOV(I,J)*VN(I,J)+ETAY(I,J)*P(I,J))/RJ(I,J)*Y(I,J)

10 CONTINUE
RETURN

C* E MINUS FLUX VECTOR

ENTRY FLUXM(II)
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I=II
DO 20 J=l,,JL
CALL AJACOB(2,A,I,J)
DO 17 K=:1,4
G( i,J,K)2:O.
DO 17 JJ2:1,4

17 G( I,J, K)2G( I,J,K1) 4A(K, JJ)*Q( I, J,JJ)/RJ( I, J)*Y( I,J)
20 CONTINUE

RETURN

C* VISCOUS FLUX VECTOR
C*

ENTRY VFLUX(II)
12=II
DO 30 J2:2,JL1
JPl~J+1
JM=J- 1
ZMUP2:O 5* (ZMU( I,J) +ZMU( I, JPI)
ZMUMO0.5* (ZMU( I, J )+ZMU( I, JM1))
IF(PRNT. EQ. 0.DO)THEN
GAMP2:0.5* (GAMMA( I,JP1) +GAMMA( I,J))

GAMM2:0.5* (GAMMA( I, JM1) ±GAMMA( I,J))

GKCPP2:ZMUP *GAMP/PRN
GKCPM2:ZMUM* GANM/PRN
ELSE
ZMUTP =0.5*(ZMUT(JP1)+ZMUT(J))
ZMUTM = 0.5*(ZMUT(JM1)+ZMUT(J))
ZMUJLP =ZMUP -ZMUTP

ZMULM =ZMUM -ZMUTM

OAMPO0.5* (GAMMA( I, JP1 ) GAMMA( I, J))
GAMMO . 5* (GAMMA( I, JM1) +GAMMA( I,J))

GKCPP =GAMP*(ZMULP/PRN4-ZMUTP/PRNT)
GKCPM =GAMM* (ZMULM/PRN+ZMUTM/PRNT)
END IF
YYPQ05* (Y( I,J) +Y( I,JP1))
YYMO0.5*(Y( I,J)4-Y(I,JM1))
YZP=YYP*ZMUP
YZM-=YYM* ZMUM

AAM1=A ( I, JM1 )*YZM
AAP2=A2( I, J)*YZP
AAM2=A2 (I, JM1 )*YZM
AAP3=,A3( I,J)*YZP
AAM3=A3(I ,JM1 )*YZM
AAP4=A4( I,J)*YYP*GKCPP
AAM4=A4 (I, JM1 )*YYM*GKCPM
UPJ( I, JP1)-U( I,J)
UM=-U( I, JM1 )+U( I,J)
VP=V( I, JP1)-V( I,J)

VM=V(I,J)-V(I,JM1)
ERP=E(I,JP1)/RHO(I,JP1)-E(I,J)/RHO(I,J)
ERM=E(I,J)/RHO(I,J)-E(I,JM1)/RHO(I,JMl)
TJ2P=U( I, JP1 )**2.U( I,J) **2
U2M=U( I,J)**2-U(I,JM1)**2
V2P=V(I,JP1)**2-V(I,J)**2
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cl 1, 1) ().
C,( IJ, 2 )-(AAP1*UlP-AAM1*UM) 1-(AA'2*Vf'-AAM2*VM)
,( -,T3) -(AAP2*UP-AAM2*UM)+(AAP3*',P-AAM3*VM)
G-(I,,J,4)=(AAP4*ERP-AAM4*ERM)+O.5 ((AAPl-AAP4)*U2P-

- (AAP2*TJVP-~AAM2*UVM)

C* INSERT THE EXTRA FIRST ORDER TERMS IN\ CYLINDRICAL COORDINATE
C* SYSTEMS

EY.ThETAY(I, J)/RJ( I, J)
rFXJyETAX( I, J),/RJ( I, J)
DM!UV=O. 5 (ZMU( I, JP1)*V(I1,JPI)-ZMIJ( I,,TMi)*V( I, JM1)
DI)V =0. R*(VJ(I,JP).V( I,JMl))
DMT-2=0. 54, (ZMIJ( I, JPl ) *V( I,,JPl )**2 ..?MU(TIJl)'V ,Jl)*2

*)TT170 5 ZMUJ( I, JM1 ) *U( I, JPl ) *V( 1, TPM1

( I, J, 2 )G( I, J,2) -2. /3. *-EXJ*DM1JV
C-(Il,J,3)=G(T,J,3)±2./3.*(ZMU(I,J)*F;'XJ*DDU-V(I,J)*EYJ*DDMU)
G( I, J, 4 )=G( I, J, 4) -2.,/3. -(EYJ*DMUV24 EXJ*DMUUV)

30 CONTINUJE
RE--TURN

C-------------------------------------------------------------------------
C ** RIGHT HAND SIDE CALCULATION
C----------------------------------------------------------------------

SUBROUTINE RHSCL
C

IMPLICIT REAL*8(A-H,O-Z)
PM--AMETER (IZ=1SO,JZ=80)
COMMO''4N/'VECTOR/DQ( IZ.JZ-,4) ,Q(IZ,JZ, 4), F( IZ,JZ,4) ,G( IZ,JZ,4),

P( IZ,JZ) ,IJ( TZ,JZ) ,V( IZ,JZ) ,UN(IZ,JZ),VN(IZ,JZ)
11 -ONCOD/AXIZJ)SAYIZ),ETAX(IZ,JZ),ETAY(IZ,JZ)

,ZMUT(,JZ) ,RJ( TZ,JZ) ,X(IZ,JZ),Y(IZJZ),DELTAU(IZ,JZ)
,APEA( IZ) ,ZMU( IZ,JZ) ,AI(IZ,JZ) ,A2( IZ,JZ),A3(IZ,JZ),A4(IZ,JZ)

COMMONl/CONIST/AIN, AEX, RL, EXI ,EYI ,OMEGAX, OMEGAY,CFL, THETA, P0, TO,
~-CRLIPRNT,P'B,RM1,SUM(4),ZMU0,REN,PRN,TWALL,TREF
.BlOT, TW1

WCMMOl/'CONS-1l/CAMMA(IZ,JZ),GMi.(IZ,JZ),CP(IZ,JZ),CV(IZ,JZ),RGAS
CO)MMON/TNITEG,/IL,JTL,ILI,JLI,NEND,NBEG,NADV,ITIME,IVISC,NORD,IWALL

IWI3C, IFLOW
DIMENSION RHO(IZ,JZ),RHOU(IZ,JZ),RHOV(IZ,JZ),E(IZ,JZ)
EQUj IAENCE(Q( 1, l,1) , RHO( , 1)), (Q( 1, 1,2) ,RHOU( 1, 1),

ENTRY RHS (I I)
I -T II
CALL FLTJX(I-1)

C r Fl(I . NE.2. ANDI .NE. I ) . AND. NORD. EQ.1 )CALL, FLUX( 1-2)
CALL~r FLUJX( T
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EXI I=2. *EXI
LZII=EYI*2.
DO 10 J=1,JL
DO 10 K=:1,4

10 DQ(I,J,KY=O.

ili--
I rl 1 I - 1
DO 20 K=1,4
D)Q( T , 'K)DQ( I,JK)+F(I, J,K)-F( I-1,JK)'

* CHOI * (I,J,K)-G(I,JM1,K)
CHOI

20 CONTINUE
DO 100 J=2,JLl

DO 100 K=1,4
IF( I.NE. 1)THEN
DQ( I, 5, K)DQ( I,5, K)+F( I, J,K)-F( I-i,J,)

ELSE
DQ(I,J K)=DQ( I, J,K)+0. 5*(G( I, JPl,K)-G( I,JMl, K))

ENDIF
100 CONTINUE

IF(I.EQ.IL) GOTO 120
IF( I.NE.2.AND. I.NE. IL1)THEN

Do 110 J=1,JL
DO 110 K=1l,4

* F(I-2,J,K))

110 CONTINUE
ENDI F

120 CONTINUJE
IE(I.EQ.IL)GOTO 180

IPl=I+1
CALL FLUXM(IP1)
CALL FLUXM(I)
IF( (I .NE. IL1.AND. I.NE.2) .AND.NORD.EQ. 1)CALL FLUXM( 1+2)

DO 170 J=2,JL
DO 170 K=1,4
DQ(I,5, K)=DQ( I,5, K) +G( IP1,5,K) -G(1,J, K)

IF(I.NE.IL1.AND.I.NE.2)DQ(I,J,K)=DQ(I,J,K)-NORD*0.5*
* (G(I+2,J,K)-2.*G(I+1,J,K)+G(I,J,K))

170 CONTINUE
180 CONTINUE

DO 200 J=2,JL
DQ( I, ,3 )=D9( ,,3 )-P( I, J)/RJ( I, 5)

200 CONTINUE
RETURN

C* VISCOUS RIGHT HAND SIDE

ENTRY VRHS(II)
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I-I I
CALL VFLUX (I)
DO 300 *j=2,JLl
DO 300 K=/'-4

DO 400 J=2,JL
DQ(I,J,3)ZD)Q(I,J,3)+4./3.*ZMU(I,J)*V(I,J)/(RJ(I,J)*Y(I,J))

400 CONTINUF
RETURN
END

C **** ** -** ****** ******* *** ******

C SERVICE SUBROUTINE
C

SUBROUTINE SUPPLY
IMPLICIT REAL*8(A-H,0-Z)
PARAMETER (IZ=150,JZ=80)
COMMON/VECTOR/DQ( IZ, JZ, 4) ,Q( IZ, JZ, 4), F( IZ, JZ, 4) ,G( IZ, JZ, 4),

> P(IZ,JZ) ,U(IZ,JZ),V(IZ,JZ) ,UN(IZ,JZ),VN(IZ,JZ)
COMMON/COORD/SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),ETAY(IZ,JZ)
>,ZMUJT(.JZ) ,RJ(IZ,JZ) ,X( IZ,JZ) ,Y( IZ,JZ) ,DELTAU(IZ,JZ)
,AREA(IZ),ZMU(IZ,JZ),A1(IZ,JZ),A2(IZ,JZ),A3(IZ,JZ),A4(IZ,JZ)

COMMON/CONST,/AIN,AEX,RL,EXI ,EYI ,OMEGAX,OMEGAY,CFL,THETA,PO,TO,
>CFLI,PRNT,PB,RMl,SUM(4),ZMIJO,REN,PRN,TWALL,TREF
>, BIOT, TWi

COMMON/CONSTI/GAMMA( IZ, JZ) ,GM1 (IZ, JZ) ,CP( IZ, JZ) ,CV( IZ, JZ) ,RGAS
COMMOIjINTEG,/IL,JL,IL1,JL1,NEND,NBEG,NADV,ITIME,IVISC,NORD,IWALL

>/ IWBC, IFLOW
DIMENSION RHO(IZ,JZ) ,RHOU(IZ,JZ),RHOV(IZ,JZ),E(IZ,JZ)
EQUIVALENCE(Q(l, 1, 1),RHO(l,1) ), (Q(l, 1,2) ,RHOU(l, lfl,

>(Q( 1, 1,3) ,RHOV(l, 1) ),(Q( 1, 1,4) ,E(±, 1))

DIMENSION SS(4)
DATA GO, PATM/9 .8067, 101325. /
ENTRY CHECK
DO 1.0 K=1,4

10 SS(K)=0.
DO 20 I=2,IL,
DO 20 J=2,JL
DO 20 K=1,4

IF(QQ.EQ.O.DO)GO TO 20
SS(K)=SS(K) +(DQ( I,J, K) *RJ( I,J)/Y( I, J)QQ)**

20 CONTINUE
DO 30 K=1,4

30 SS(K)=DSQRT(SS(K) )/( IL*JL)
WRITE( 19, 500 )NADV, ( 5(K) ,K=1, 4)

500 FORMAT(15,3X,4(1X,E14.7))
RETURN
ENTRY MASS

C
C MASS FLOW PATE
C

PPI=DARC0S( -1.DO)
DO 80 I=1,IL
FLRT=O.
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DO 75 J=!,,JLl

CXCYi-DSQRT (SAIX ( I, J) * * 2+ A I Y( I, J) **2)
CXCYlIDSQR'2 ",SAIX( I, 1) k*2+SAIY( I, J+l)**2)
FLTsZE7=LRT+0. !* tPI*(Y(1, J+ ) +f( I, J) )*DELR

+ *(RHO(IflI*UN(,J±1)/'CXCYl+RHO(IJ)*UN(IJ)/CXCY)

75 CONTINUE7
WRTTE( 18, 789)I, FLRT

80 CONTINUE
789 FCORMAT(IX,I8,El4.7)

C THRUST AND :SP CALCULATIONS
C

I
THPIJST 0.
DO 85 j= 7-1,1

THRIJSThTHRUJST+0.5*PPI*(Y(I,J+1)±Y(I,J))*DELR*
> ~(RHO(I ,J+1)* U(I,J+1l)**2+P(i,J+)-~PATM+
>RHO( I, J) *J( I, J)**2+P( I, J)-PATM)

85 CONTINUE
CCC=THRUST, /FLRT
SP I CCC,/GO
WRITE(18,79S) THRUST,SPI

788 FORMAT( THRUST=', E14.7,//2*** ISP =',E!4.7)
C

RETUJRN
ENTRY OUTPUT
WRITE( 18, 5-I)NADV

550 FORMAT(//'i0(1H*),/ NADV=' ,15//)
DO 50 T 71 , IL
DO 50 T-l,JL

N V( I,,J)**2) )/CV( I, J)

PMA=DSQRT ( (U ( I, J) *U ( I, T) +V ( I, J) *V ( I, J) ) /GAMMA ( I, J)
N*RHO(,J)/P(I,J) )
SP-P( I,,J)*(ST/TT)**(GAMNA(I,J)/GM1(I,J))
WP ITE( 18, 607)X( I,J) ,Y(I, J) ,P( I,J), RMA, TT, V (I, J)
WRITE(66) (Q(I,JK) ,K=1,4) ,DEL"TAU(I,J)

607 FORMAT(6(lX,E14.7))
C WRITE(6,600)I,J,RHO(I,J) ,U(T,J),V(I,J),E(I,J),ST
C WRITE(6,650)P(I,J) ,UNl(I,J) ,VN(I,J),SP,TT
600 FORMVAT(IX,'#',I2, ',,2,3X,5(1X,E10.3))
650 FORMAT(l.OX,5(1X,E1O.3))
50 CONT INIJE

C
C WRITE THE LAST TWO LINES
C
C DO 70 I-=IL1, IL
C DO 70 J=1i,JL,
C70 WRITF7~b.) (Q(I,J,K),K-i,4)
C

P F 'J P N
END
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C* LIBRARY SUBROUTINES

SUBROUTINE NBTRIP(A,B,C,D,ILO,IU,ORDER)
IMPLICIT REAL*8(A-H,O-Z)
DIMENSION A(l) ,B(l) ,C(l) ,D(l), IPS(5) ,X(5)
INTEGER ORDER, ORDSQ
ORDSQ=ORDER* *2
I=ILO
IOMATl+ (1-1) *OPJDSQ
IOVECl4+( I1)*ORDER
CALL LUDPVT(B( IOMAT) ,OPDER, IPS)
CALL LUSPVT(B(IOMAT),D\IOVEC),D(IOVEC),X,ORDER,IPS)
DO 100 J=l,ORDER
IOMATJ=IOMAT+ (J-l )*ORDER
CALL LUSPVT(B(IOMAT),C(IOMATJ),C(IOMATJ),X,ORDER,IPS)

100 CONTINUE
200 CONTINUE

11I+l
IOMATl1+( I-l)*ORDSQ
IOVEClI+( I-1)*ORDER
I 1MAT=IOMAT-ORDSQ
I 1VEC=I0VEC-ORDER
CALL MULPUT(A(IOMAT),D(I1VEC),D(IOVEC),ORDER)
DO 300 J=l,ORDER
IOMATJ=IOMAT+(J-1 )*ORDER
I 1MATJ=I MAT+ (J-1 )*ORDER
CALL MULPUT(A(IOMAT),C(IlMATJ),B(IOMATJ),ORDER)

300 CONTINUE
IF(I.EQ.IU) GO TO 500
CALL LUDECO(B(IOMAT),ORDER)
CALL LUSOLV(B(IOMAT),D(IOVEC),D(IOVEC),ORDER)
DO 400 J=1,ORDER
IOMATJ=IOMAT+(J-1 )*ORDER
CALL LUSOLV(B(IOMAT),C(IOMATJ),C(IOMATJ),ORDER)

400 CONTINUE
GO TO 200

500 CONTINUE
CALL LTJDPVT(B( IOMAT) ,ORDER, IPS)
CALL LUSPVT(B(IOMAT),D(IOVEC),D(IOVEC),X,ORDER,IPS)

600 CONTINUE
1=I-1
IOMAT=1+( I-1)*ORDSQ
IOVEC=1+( I-1)*ORDER
I IVEC=IOVEC+ORDER
CALL MULPUT(C(IOMAT),D(I1VEC),D(IOVEC),ORDER)
IF(I.GT.ILO) GO TO 600
RETURN
END

C----------------------------------------------------------------------
SUBROUTINE LUDPVT(A,ORDER, IPS)
IMPLICIT REAL*8 (A-H,0-7)
INTEGER ORDER
DIMENSION A(ORDER, 1), IPSfORDER)
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DO 5 I=1,ORDER
IPS( I)1i

5 CONTINUE
NMl -ORDER-i
DO 17 K=l,NVI
BIG=O. ODO
DO 11 I=K,ORDER
IP=IPS( I)
SIZE=DABS(A( IP, K))
IF(SIZE-BIG)ll, 11,10

10 BIG=SIZE
IDXPIV=I

11 CONTINUE
IF( IDXPIV-K) 14,15,14

14 J=IPS(K)
IPS(K)=IPS( IDXPIV)
IPS( IDXPIV)=J

15 KP=IPS(K)
PIVO'F=A(KP, K)
KP1=K+1
DO 16 11(P1,ORDER
IP=IPS( I)
EM=-A( IP, fl/PIVOT

DO 16 J=KP1,ORDER
A( IP,,J)=A(IP,J)+EM*A(KP,J)

16 CONTINUE
17 CONTINUE

RETURN
END

C----------------------------------------------------------------------
SUBROUTINE MULPUT(A,B,C,ORDER)
IMPLICIT REAL*8(A-H,O-Z)
INTEGER ORDER
DIMENSION A(1),B(1),C(1)
DO 200 JR=1,ORDER
SUMO0.O
DO 100 JC=1,ORDER
IA=JR+ (JC- 1) *ORDER

100 SUM=SIJM+A( IA)*B(JC)
200 C(JR)=C(JR)-SUM

RETURN
END

C--------------------------------------------------------------------------
SUBROUTINE LUSPVT(A,B,C,X,ORDER, IPS)
IMPLICIT REAL*8 (A-H,O-Z)
INTEGER ORDER
DIMENSION A(ORDER,1),B(1),C(1),X(1), IPS(1)
NP1=ORDER+1
IP=IPS( 1)
X( 1)=B( IP)
DO 2 I=2,ORDER
IP=IPS( I)
IM1=I-1
SUM=0. ODO
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DO 1 J=l,IMl
1 SUM=SUN4+A(IP,J)*X(J)
2 X(T)=B(IP)-SUM

IP=IPS( ORDER)
C(ORDER)=X(ORDER)/A( IP,ORDER)
DO 4 IBACK=2,ORDER
I=NPl-IBACK
IP=IPS( I)
IP11 +1
SUM=O. ODO
DO) 3 -.=TP1,ORDER

3 SUM=SUM+A(IP,J)kC(J)
4 C( I )(X( I)-SUM)/A( IP, I)
RETURN
END

C---------------------------------------------------------------------------
SUBROUT INE LUDECO (A, ORDER)
IMPLICIT REAL*8(A-H,O-Z)
INTEGER ORDER
DIM71NSION A(ORDER,l)
DO e JC=2,ORDER

8 A(l, JC)=A(l,JC)/A(l, 1)
JRJC~l

10 CObNTTNUE
JR.JCJRJC+ 1
JRJCM1=JRJC- 1
JRJCP l=JRJC+ 1
DO 14 JR=JRJC,ORDER
SUM=A(JR, JRJC)
DO 12 JM=].,JRJCMl

12 SUM=SUM-A(JR,JM)*A(JM,JRJC)
14 A(JR,JRJC)=SUM

IF(JRJC.EQ.ORDER) RETURN
DO 18 JC=JRJCP1,ORDER
SUM=A(JRJC, JC)
DO 16 JM=1,JRJCM1

16 SUM=SUM-A(JRJC,JM)*A(JM,JC)
18 A(JRJC,JC)=STJM/A(JRJC,JRJC)

GO TO 10
END

C--------------------------------------------------------------------------
SUBROUTINE LUSOLV(A,B,C,ORDER)
IMPLICIT REAL*8(A-H,O-Z)
INTEGER ORDER
DIMENSION A(ORDER,1),B(1),C(1)
C(1)=C(1)/A(1,1)
DO 14 JR=2,ORDER
T RM1=JP-1
SUM=8(JR)
DO 12 JM=1,JRM1

12 SIJM=SUM-]A(JR,JM)*C(JM)
14 C(JR)=SUM/P.(3R,JR)

DO 18 JRJR=2,ORDER
JR=ORDER-JRJR+ 1
JRP1.JR+1
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SUM=C(JR)
DO 16 JMJM=JRP1,ORDER
JM=ORDER-JMJM+JRP1

16 SUM=SUM-A(JR,JM)*C(JM)
18 C(JR)=SUM

RETURN
END

C- -------------------------------------------------------------
C SET ZERO FOR MATRIC (M,M)

SUBROUTINE SZERO(MA)
IMPLICIT REAL*8(A-H,O-Z)
DIMENSION A(M,M)
DO 10 I=I,M
DO 10 J=I,M
A(I,J)=O.ODO

10 CONTINUE
RETURN
END

C- -------------------------------------------------------------
C SCALAR*METRIC (M,M)

SUBROUTINE SMM(M,C,A,B)
IMPLICIT REAL*8(A-H,O-Z)
DIMENSION A(M,M),B(M,M)
DO 10 I=1,M
DO 10 J=1,M
B(I,J)=C*A(I,J)

10 CONTINUE
RETURN
END

C- -------------------------------------------------------------
C METRIX*METRIX (M*M)

SUBROUTINE MMM(M,A,B,C)
IMPLICIT REAL*8(A-H,O-Z)
DIMENSION A(M,M),B(M,M),C(M,M)
DO 10 I=1,M
DO 10 J=1,M
C(I,J)=O.ODO
DO 10 K=I,M
C(I,J)=C(I,J)+A(I,K)*B(K,J)

10 CONTINUE
RETURN
END

SUBROUTINE HJAC(A,J)

IMPLICIT REAL*8(A-H,O-Z)
DIMENSION A(4,4)
CALL SZERO(4,A)
A(1,1)=I.DO
A(2,2)=I.DO
A(3,3)=1.DO
A(4,4)=I.DO
RETURN
END

99



FILE: PNSVTS FOR Al VM/SP CMS 4-8602 (02/02/88) -- THE PENNSYLVANIA STAT

SUBROUTINE MM4V(M,A,B,C)
IMPLICIT REAL*8(A-H1 O-Z)
DIMENSION A(M,M),B(M),C(M),
DO 10 1=1,M
C( I)=0.DO
DO 10 K=l,M
C( I)=C( I)4A( I, K)*B(K)

10 CONTINUE
RETURN
END

SUBROUTINE INVER(M,A,AINV)
IMPLICIT REAL*8(A-H,O-~Z)
DIMENSION A(4,4),B(4,4) ,AINV(4,4),COF(4,4)
All=A(l, 1)
A12=A(±, 2)
A13=A( 1,3)
A14=A( 1,4)
A2 =A(2, 1)
A2-2=A(2, 2)
A23=A(2, 3)
A24=A(2, 4)
A31=A(3, 1)
A32=A(3, 2)
A33=A (3,3)
A34=A(3, 4)
A41=A(4, 1)
A42=A( 4,2)
A43=A(4, 3)
A44=A( 4,4)
DET=Al11*(A22*A33*A44+A23*A34*A42+A24*A43*A32-A24*A33*A42
* -A23A32*A44-A22*A43*A34)-
> A12* (A2l*A33*A44+A23*A34*A41+A24*A43*A31-A24*A33*A4l

* A23*A31*A44-A21*A43*A34)+
Al3*(A21*A32*A444+A22*A34*A41I+A24*A42*A31-A24*A32*A41

> A22*A31*A44-.A21*A42*A34)-
> A14*(A21*A32*A43+A22*A33*A41+A23*A42*A31-A23*A32*A41
-A22*A31*A43-A21*A42*A33)

COF( 1,1 )=A22*A33*A44+A23*A34*A42+A24*A43*A32-A24*A33*A42
" A23*A32*A44-A22*A43*A34
COF( 1, 2)--(A21*A33*A44+A23*A34*A41+A24*A43*A31-A24*A33*A41
" A23*A31*A44-A21*A43*A34)
COF(1,3)=A2l*A32*A44+A22*A34*A41+A24*A42*A31-A24*A32*A41
" A22*A31*A44-A21*A42*A34
COF(1,4)=-(A21*A32*A43+A22*A33*A41+A23*A42*A31-A23*A32*A4l
" A22*A31*A43-A21*A42*A33)
COF(2, 1)=-(A12*A33*A44+Al3*A34*A42+Al4*A32*A43-Al4*A33*A42
" A13*A32*A44..A12*A43*A34)
COF(2,2)=-A11*A33*A44+A13*A34*A41+A14*A31*A43-A14*A33*A41
" A13*A31*A44-A11*A43*A34
COF(2,3)=-(A11*A32*A44+A12*A34*A41+A14*A31*A42-Al4*A32*A41
" A12*A31*A44-All*A42*A34)
COF(2,4)=A11*A32*A43+A12*A33*A41+A13*A3l*A42-Al3*A32*A41
" A12*A3l*A43-Al1*A42*A33
COF(3, 1)=A12*A23*A44+Ai3kA24*A42+A14*A22*A43-Al4*A23*A42
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* Al3*A22*A44-Al2*A43*A24
COF( 3,2 )=-(All*A23*A44+Al3*A24*A41+.Al4*A21*A43-Al4*A23*A41
* Al3*A21*A44-All*A43*A24)
COF( 3,3 )=All*A22*A44+Al2*A24*A4l+Al4*A2l*A42-Al4*A22*A4l
* Al2*A21*A44-All*A42*A24
COF(3,4)=-(All*A22*A43+A12*A23*A41+Al3*A21*A42-Al3*A22*A4l
.-A2*A21*A43-All*A42*A23)

COF(4, l)=.(A2*A23*A34+Al3*A24*A32+Al4*A22*A33-Al4*A23*A32
> -Al3*A22*A34-Al2*A33*A24)
COF(4,2)=All*A23*A34+Al3*A24*A3l+A14*A2l*A33-Al4*A23*A31
> A13*A2l*A34-All*A33*A24
COF( 4,3 )=-(Al'i*A22*A34+Al2-*A24*A3l+Al4*A2*A32-Al4*C27-,A31
> Al2*A21*A34-All*A32*A24)
COF(4,4)=All*A22*A33+Al2*A23*A3l4+Al3*A21*A32-Al3*A22*A3l
> -A2*A21*A33-All*A32*A23
AINV( 1,1 )=COF( 1,1 )/DET
AINV( 1,2 )=COF(2, 1)/DET
AINV( 1,3 ;=COF(3, 1)/DET
AINV(1, 4)=COF(4, 1)/DET
AINV(2, 1)=COF(1,2)/DET
AINV(2.2 )=COF(2, 2)/DET
AINV(2, 3)=COF(3 ,2 )/DET
AINV( 2, 4)COF( 4,2 )/DET
AINV(3, 1)=COF(1,3)/DET
AINV(3.2 )=COF(2, 3)/DET
AINV( 3,3 )=COF( 3,3 )/DET
AINV(3 , )=COF(4, 3)/DET
AINV(4, 1)=COF(1,4)/DET
AINV(4, 2 )COF(2, 4)/DET
AINV(4, 3)=COF(3, 4)/DET
AINV(4, 4)=COF(4, 4)/DET

C CALL MMMh(4,A,AINV,B)
C DO 1 MM=1,4
C WRITE(6,1O) (B(rvMh,NN),NN=1,4)
C 1 CONTINUE

10 FORMAT(4D)16.7)
RETURN
END

SUBROUTINE CPGAM(CP,CV,GAMMA,GM1,R,I,J,
>RHO,RHOU,RHOV,E,TCP)

PARAMETER( IZ=150,JZ=100)
IMPLICIT REAL*8 (A-H,O-Z)
COMMON/CPCOFF/ CPA1 ,CPA2, CPA3 ,CPA4, CPAS, CPA6, CPA7

> CPA8,CPA9, CPAIO,ENE( 101)
C== = = =

IF(TCP.NE.O.O) GOTO 20
UU=RHOU/RHO
VV=RHOV/RHO
EE=E/RHO-O. 5*(UU**2+VV**2)
TT=300.0
IF(EE.LE.ENE(1)) GO TO 20
DO 10 MM=1,1O1

EA= EE - ENE(MM)
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EB= EE - ENE(MM+l)
ESIGN= EA*EB

IF(ESIGN. LE.O.DO)THEN
Tl=300. 0+27. 61l*DFLOAT(MM-l)
T2=300.0±27. 611*DFLOAT(MM)
TT=(T2*EA-T1*EB)/(EA-EB)
GO TO 20

ELSE
END IF

10 CONTINUE
TT=3061l DO

20 CONTINUE
IF(TCP.NE.O.0) TT=TCP

IF(TT. LE. 1000.0)THEN
CP=(CPA6+CPA7*TT+CPA8*TT**2+CPA9*TT**3+CPAlO*TT**4)
CV=CP-R

ELSE
CP=(CPA1+CPA2*TT+CP ,3*TT**2+CPA4*TT**3+CPA5*TT**4)
CV=CP-R

END IF
GAMMA=CP/CV
GM1=GAMMA-1.0 j

RETURN
END

C** ** ** ** *** * * *

SUBROUTINE CPCOEF
C** ** * ***** * * **

IMPLIC(-IT REAL*8 (A-H,0-Z)
COMMON,/CPCOFF/ CPA1,CPA2 ,CPA3 ,CPA4, CPAS, CPA6, CPA7

> CPA8,CPA9,CPA10,ENE( 101)
DIMENSION Y(10) ,A1(1O),A2(10) ,A3(1O) ,A4(1O) ,A5(10)
>,A6(10) ,A7(10),A8(10),A9(10),AlO(10),WM( 10)

DATA RU,WNMIX/8314.3,20.405/

C CO
WM( 1)=28.O10
Y(1)= 0.13108

C C02
WM(2 )44. 0
Y(2O)= 0.03636

C H
WM (3)=1.0
Y(3)= 0.02387

C H2
WM(4)=2.0
Y(4)= 0.15802

C H20
WM( 5) =18.0
Y(5)= 0.32366

C NO
WM(6)=30.0
Y(6)= 0.00260

C N2
WIV(7)=28.0
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Y(7)= 0.30407
CO0

WM (8)=16. 0
Y(B)=: 0.00158

C OH
WM(9 )=17.0
Y(9)= 0.01744

C 02
WM( 10)=32.0
Y(10)= 0.00129

C---------------------------- CO
Al(l)= 0.29840696E+01
A2(1)= 0.14891390E-02
A3 (1 )=-0. 57899684E-06
A4(1)= 0.10364577E-09
A5(1)=-O.69353550E-14

C
A6(1)= 0.37100928E+01
A7( 1)=-0. 16190964E-02
A8(1)= 0.36923594E-05
A9( 1)=-O.20319674E-08
A10(1)= 0.23953344E-12

C---------------------------- C02
A1(2)= 0.44608041E+01
A2(2)= 0.30981719E-02
A3(2)=-0. 12392571E-05
A4(2)= 0.22741325E-09
A5(2)=-0. 15525954E-13

C
A6(2)= 0.24007797E+01
A7(2)= 0.87350957E-02
A8(2 )=-O. 66070878E-05
AO(2)= 0.20021861E-08
AIO(2)= 0.63274039E-15

C---------------------------- H
A1(3)= 0.25000000E+01
A2(3)= 0.00000000
A3(3)= 0.00000000
A4(3)= 0.00000000
A5(3)= 0.00000000

C
A6(3)= 0.25000000E+01
A7(3)= 0.00000000
A8(3)= 0.00000000
A9(3)= 0.00000000
A10(3)= 0.00000000

C---------------------------- H2
A1(4)= 0.30558123E+01
A2(4)= 0. 59740400E-03
A3(4)=-0. 1674747lE-,q8
A4(4)=-0. 21247544E-10
A5(4)= 0.25195487E-14

C
A6(4)= 0.29432327E+01
A7(4)= 0.34815509E-02
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A8(4)=-O. 77713819E-05
A9(4)= 0.74997496E-08
AIO(4)=-O. 25203379E-l1

C----------------------------8H20
A1(5)= 0.26340654E+01
A2(5)= 0.31121899E-02
A3 (5) =-0 .902 78449E-06
A4(5)= 0.12673054E-09
A5(5)=-O. 69164732E-14

C
A6(5)= 0.41675564E+01
A7(5)=-0. 18l06868E-02
A8(5)= 0.59450878E-05
A9 (5 )=-O. 4867087'IE-08
A10(5)= 0.15284144E-11

C--------------------------- NO
A1(6)= 0.31486543E+01
A2(6)= 0.114151823E-02
A3 (6 )=-O. 57574881E-06
A4(6)= 0. 10739529E-09
A5(6)=-O. 73900199E-14

C
A6(6)= 0.42484931E+01
A7 (6 )=-0. 48661106E-02
A8(6)= 0.11634155E-04
A9 (6) =-0 .99768494E-08
A10(6)= 0.30483948E-11

C---------------------------- N2
A1(7)= 0.28536374E+01
A2(7)= 0.16014368E-02
A3 (7 )=-0. 62888336E-06
A4(7)= 0.11428932E-09
A5(7)=-0. 77953822E-14

C
A6(7)= 0.37034288E+01
A7(7)=-0. 14179405E-02
A8(7)= 0.28625094E-05
A9(7)=-0. 12018374E-08
A1O(7)=-0. 13475522E-13

C--------------------------- 0
Al(8)= 0.25342961E+01
A2(8)=-0. 12478170E-04
A3(8)=-0. 12562724E-07
A4(8)= 0.69029862E-11
A5(8)=-O. 63797095E-15

C
A6(8)= 0.30309401E+01
A7 (8)=-0. 22525853E-02
A8(8)= 0.39824540E-05
A9(8)=-0. 32604921E-08
A10(8)=0 1fllS2fl3SF-11

C--------------------------- OH
A1(9)= 0.28897814E+01
A2(9)= 0.10005879E-02
A3(9)=-0.22048807E-06
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A4(9)= 0.20191288E-10
A5(9')-O. 39409831E-15

C
A6(9)- O.3F73730CE+-O1
A7(9)=-O. 133q3772E-02
A8(9)= 0.16348351E-05
A9(9)=-0. 52133639E-09
A10(9)= 0.41826974E-13

C----------------------------- 02

A2(10)= 0.74853166E-03
A3( lO)=-O. 19820647E-06
A4(10)= 0.33749008E-10
A5( 1O)=-O.23907374E-14

C
A6(10)= 0.37837135E+01
A7 (10) =-0. 30233634E-02
A8(10)= 0.99492751E-05
A9( 1O)=-0.98189101E-O8
A1O(10)= 0.33031825E-11

CPA1O .DO
CPA2=0.DO
CPA3=O DO
CPA4O .DO
CPA5O .DO
CPA6=O DO
CPA7=O DO
CPA8=O DO
CPA9=O .DO
CPA100DO
DO 10 J=1,10
CPA1=CFA1+Y(J)*AI (J)*RU/WpaMiIX
CPA2=CPA2+Y(J) *A2 (J)*RU/WMvJIX
CPA3=CPA3-Y( J) *A3 (J) *RU/Wr MIX
CPA4=CPA4+Y( J) *A4 (J) *RU/WMMfJIX
CPA5=CPA5+Y( J) *A5 (J) *RU/WMMIX
CPA6=CPA6+Y( J) *A6 (J) *RU/WMM~IX
CPA7=CPA7+Y( J) *A7 (J) *RU/WV MIX
CPA8=CPA8+Y(J)*A8(J) *RU/WMMIX
CPA9=CPA9+Y( J) *A9 (J) *RU/WMMIX
CPA1O=CPA1O+Y( J)*A1O (J) *RU/WMMIX

10 CONTINUE
C ...

R=RU/WMMIX
DO 20 MM=1,101
TT=300.O+27. 611*DFLOAT(MM-1)
I7-(TT.LE.1000.0)THEN
CP=(CPAG+CPA7*TT+CPA8*TT**2+CPA9*TT**3+CPAlO*TT**4)
CV=CP-R
ENE(MM)=CV*TT

ELSE
CP=(CPA1+CPA2*TT+CPA3*TT**2+CPA4*TT**3+CPA5*TT**4)
CV=CP-R
ENE(MM)=CV*TT
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END IF
20 CNT INUE

RE '1 J R N
FillI

DATA. 1 NFU7 PC
SJ.'NPLT'T' IW1 )-,,T!<SOr,NF' i,NEND=l,NITER=1,P0=l D+06, T0=3O6l.lD0,

C'FLl0O.5FE>0, CFL<1OO. ,OMEGAX-0. ,0MEGAY0.S,RM11i2,RM2=4.0,N0RDI~h,
AlINlO005, AEX-. 236, RL-.695, THETA1. 0, CPO=7152.4853, GAMMAO=l. 17,

ITIME-,TREAD=l,FST=0.00,TWALL3000.,FSTY0.9,PB=0.,PRNT=0.7,
IV.ISC=i, IWALL=O,PRNI=0.7,REN=1.D5,TREFF3000. ,ZMUO=8.5D-03,

IWC BInT=l5 .,TWl=50O.,IFLOW=1

PATA.F'T2 3F9001 U)D DSN-~STU.I9500.MYIH00.HERMES.DIF.Hl35M80.VIs,
ISP= ( OLD ,KEEP ) ,VOL=REF=STU.I19500.MYHlOO.LIB,
CE3(--(RE-CFNI=VBS,LRFCL=8O,BLKSIZF=3l20),
SPACE-:(TRK, (9,5),RLSE)

"DATrA.F'T'66F001 DD DSN=STU. 119500.MYHI00.HERMES2.DIF.RERUN.VIS,
DA'SP-z( NEW, KEEP) ,VOL=REF=STU . 19500. MYHlOO. LIB,
Tll-B=(RECFNM=VBS, LRECL=80,BLKSIZE=3l20),
SFACE ( TRK, (9, 5) ,RLSE)

DATA.FT1QF001 DD DSN-STU.139500.MYHlOO.HERMES2.DIF.DQ.VIS,
DI SP= (NEW, KEEP) ,VOL=REF=STU.119500,MYH10O LIB,
)CB=(PECFM=FB,LRECL=80,BLKSIZE=3l20),
7?FiCE=( TRK, (9,5),RLSE)

,//DATA.t!-T18FO0l DD DSN=STU.Tl9500.MYH100.HERMES2.DIF.'0LU.VIS,
DISP =( NEW, KEEP) ,VOL=RFF=STU.119500 .MYHlOO.LIB,

// DCB=(REC-FM=zFB,LRECL-=l30,BLKSIZE=3120),

///DATA.F76b9FOOI DD DSN=STU.119500.MYHlOO.HERMES.CONV.LINE.VIS,
T S--P (OLD, KEEP), VOL=REF=STU. 119500.MYH100.LIB,

7' DCB-(RECFM=VBS, LRECL80,BLKSIZE=3120),
7,! SPACE=(TRK,(Q, 5),RLSF)
//EXEC PROMPTIXE
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USERID: V19 ORIGIN: PSUVM CREATED: 06/20/89 15:48:19

FILENAME: NPROG11 FOR CLASS: A FORMAT:J

SPOOLID: 2822 RECS: 3707 COPY: 1 DUPLICATE:

PRINTED AT: PSUVM ID: $PPCBP01 AT: 06/20/89 15:48:27

***** *** ***** **************************************************

* THIS FILE WAS SENT BY THE COMMAND:
* PRT3812 NPROG11 FOR Al ( PPCB1 COPIES 1 ORIENT N FONT 11

VENKATESWARAN SANKA (V19) NPROG11 FOR

107/108



FILE: NPROG11 FOR Al VM/SP CMS 4-8602 (02/02/88) -- THE PENNSYLVANIA STA]

PROGRAM NOZZLE( INPUT, OUTPUT, TAPE5=INPUT, TAPE6=OUTPUT,
TAPE1,TAPE2,TAPE3.,TAPE4,TAPE7,TAPE8,TAPE9,TAPE1O,
TAPE11,TAPEl2)

* PROGRAM NAME: NOZZLE*
* AXISYMMETRIC SUPERSONIC NOZZLE FLOW*
* IN GENERAL COORDINATE SYSTEM*
* USING TIME ITERATIVE UW/CD DDADI METHOD
* WITH THIN-LAYER APPROXIMATED NAVIER-STOKES' EQS.*

* ML IN PROGRAM

* TAPE1 - READ NAMELIST /INPUT/
* TAPE2 - WRITE NAMELIST /INPUT/
* TAPE3 - READ X(I..J), Y(I,J)
* TAPE4 - WRITE FLR'F
* TAPE5 - READ INPUT DATA
* TAPE6 - WRITE OUTPUT DATA
* TAPE7 - READ DELTAU(I,J), Q(I,J,K)
* TAPE8 - WRITE DELTAU(I,J), Q(I,J,K)

TAPE9 - READ NEND, SS(K) (=DQ/Q)
* TAPE10 - WRITE NEND, SS(K) (=DQ/Q)

TAPEll - READ NAMELIST /DINPL/
* TAPE12 - WRITE NAMELIST /DINPL/'

PARAMETER (I Z60, JZ=40)
COMMON /VECTOR/ DQ( IZ, JZ, 4), Q( IZ, JZ, 4), F( IZ, JZ, 4),
> G( IZ,JZ,4), P(IZ,JZ) ,T(IZ,JZ),E(IZ,JZ) ,AMW(IZ,JZ),
> U( IZ,JZ),V(IZ,JZ),UN(IZ,JZ),VN(IZ,JZ),
>ZMU(JZ) ,ZMUT(JZ) ,ZK(JZ)

COMMON /COORD/ SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),
ETAY(IZ,JZ) ,RJ( IZ,JZ),X(IZ,JZ),Y(IZ,JZ),

> DELTAU(IZ,JZ),A1( IZ,JZ) ,A2(IZ,JZ) ,A3(IZ,JZ),
> A4(IZ,JZ)

COMMON /CONS/ EXI,EYI,THETA,CFL,CFL1,OMEGAX,OMECAY,AIN,AEX,
> RL,RG,AMWO,GAYMhAO,REN,PRN,PRNT,TREF,ZMUO,OMEGA,
> PO,TO,TWALL,PB,SJM(4)

COMMON /INTEG/ IL,JL,1L1,JL1,NBEG,NEND,NADV,NORD,ITIME,
> IVISC, IWALL, IWRT

COMMON /INPL/ Xl(9) ,Yl(9) ,Fl(9,9) ,X2(9) ,Y2(9) ,F2(9,9),
>X3 (9) ,Y3 (9), F3 (9,9) ,X4(9) ,Y4(9) ,F4(9, 9),
>XS-(9) ,Y5(9) ,F5(9,9) ,X6(9) ,Y6(9) ,F6(9, 9),

DIMENSION RHRO( IZ, JZ) ,RHOU( IZ, JZ) ,RHOV( IZ, JZ) ,EO( IZ, JZ)
EQUIVALENCE (Q( 1,1,1), RHO( 1,1)), (Q( 1,1,2), RHOU( 1,1)),

>(Q( 1,1,3), RHOV( 1,1)), (Q( 1,1,4) ,EO( 1,1))

CALL INITIA
WRITE (6,500)

500 FORMAT(lH11//)
DO 10 NADV=NBEG,NEND
CALL SOLVE
CALL CHECK
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10 CONTINUE
WRITE (6,500)
CALL, MASS
WRITE (6,500)
CALL OUTPUT
STOP
END
SUBROUTINE INITIA

* SET UP INITIAL CONDITIONS

PARAMETER (IZ=60,JZ=40)
COMMON /VECTOR/ DQ(IZ,JZ,4),Q(IZ,JZ,4),F(IZ,JZ,4),
>G( IZ,JZ,4), P( IZ,JZ) ,T(IZ,JZ) ,E( IZ,JZ) ,AMW( IZ,JZ),
> U(IZ,JZ),V(IZ,JZ) ,UN(IZ,JZ) ,VN(IZ,JZ),
> ZMU(JZ) ,ZMUT(JZ) ,ZK(JZ)

COMMON /COORD/ SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),
> ETAY(IZ,JZ),RJ(IZ,JZ),X(IZ,JZ) ,Y(IZ,JZ),
> DELTAU(IZ,JZ) ,Al(IZ,JZ) ,A2(IZ,JZ) ,A3(IZ,JZ),
> A4(IZ,JZ)

COMMON /CONS/ EXI,EYI,THETA,CFL,CEL1,OMEGAX,OMEGAY,AIN,AEX,
> RL,RG,AMWO,GAMMAO,REN,PRN,PRNT,TREF,ZMUO,OMEGA,
>PC, TO ,TWALL, PB, SUM (4)

COMMON /INTEG/ IL,JL, 1LI,JL1,NBEG,NEND,NADV,NORD, ITIME,
> IVISC, IWALL, IWRT

COMMON /INPL/ X1(9) ,Y1(9) ,F1(9,9) ,X2(9),Y2(9) ,F2(9,9),
>X3 (9) ,Y3(9) ,F3(9, 9) ,X4(9) ,Y4(9) ,F4(9,9),

> X5(9) ,Y5(9) , F(9, 9) ,X6(9) ,Y6(9) ,F6(9,9),
> X7(9) ,Y7(9) ,F7(9,9)

DIMENSION RHO(IZ,JZ) ,RHOU(IZ,JZ),RHOV(IZ,JZ),EO(IZ,JZ)
EQUIVALENCE (Q(1,l,l),RHO(l,l)), (Q(l,1,2),RHOU(l,1)),

>(Q( 1,1,3) ,RHOV( 1,1)), (Q( 1,1,4) ,EO( 1,1))
DIMENSION SS(4)
NAMELIST /INPUT/ IL,JL,NBEG,NEND,NITER,THETA,NORD,CFJ,CFL1,
>ITIME, OMEGAX, OMEGAY, AIN, AEX, RL, FST, ESTY, RM1, RM2,
>IVISC, IWALL, RG, AMWO, GAMMAO, CP, REN, PRN, PRNT, TREE,
> ZMUO,OMEGA,PO,TO,TWALL,PB,IREAD,IWRT,IRUN

NAMELIST /DINPL/ X1,Y1, Fl,X2,Y2, F2 ,X3,Y3, F3,
> X4,Y4, F4,X5,Y5, F5,X6,Y6, F6,
> X7,Y7, P7

* IF THE DIMENSION IN COMMON BLOCK MUST BE CHANGED
* PLEASE CHANGE THE PARAMETER STATEMENT

..* LTTLGI UME NX IETO

..IL=TOTAL GRID NUMBER IN ETA DIRECTION

..NBEG=COUNTING INDEX OF ITERATION STEP
=1 FOR THE FIRST RUN
=ANY NUMBER EXCEPT 1 FOR RERUN

..*. NEND=NUMBER OF ITERATIONS FOR THE FIRST RUN ONLY
.. NITER=NUMBER IF 1TERATIONS TO BE RUN WHEN RERUN (NBEG.NE.1)

... THETA=ALWAYS EQUALS 1
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... NORD=IN USE IN PNS, NOT IN USE IN TLNS

... CFL=CFL NUMBER

... CFL1=CFL NUMBER FOR PNS MARCHING

... ITIME=O FOR C&NSTANT DT
=1 FOR COUSTANT CFL

OMEGAX=ARTIFICIAL DISSIPATION CONSTANT IN XI DIRECTION
OMEGAY=ARTIFICIAL DISSIPATION CONSTANT IN ETA DIRECTION
AIN=THE INLET RADIUS FOR CONICAL NOZZLE (IGNORED IN IREAD=1)
AEX=THE EXIT RADIUS FOR CONICAL NOZZLE (IGNORED IF IREAD=I)
RL=TOTAL LENGTH OF CONICAL NOZZLE (IGNORED IF IREAD=l)

... FST=STRETCHING FACTOR IN XI DIPECTIO (0 FOR UNIFORM GRID)
(IGNORED IN IREAD=l) (NOT IN USE IN TLNS)

FSTY=STRETCHING FACTOR IN ETA DIRECTION (0 FOR UNIFORM GRID)
(IGNORED IN IREAD=l) (NOT IN USE IN TLNS)

... RMI=THE INITIAL GUESS FOR INLET MACH NUMBER
(IGNORED IN IREAD=I)

... RM2=THE INITIAL GUESS FOR EXIT MACH NUMBER
(IGNORED IN IREAD=l)

... IVISC=O INVISCID FLOW
=1 VISCOUS FLOW

... IWALL=O FOR ADIABATIC WALL
=1 FOR CONSTANT WALL TEMPERATURE

RG=UNIVERSAL GAS CONSTANT (NOT IN USE IN PNS SOLUTION)
... AMWO=MOLECULAR WEIGHT IN STAGNATION CHAMBER

(NOT IN USE IN PNS)
... GAMMAO=SPECIFIC HEAT RATIO (STAGNATION CHAMBER VALUE WHEN

USED FOR REAL GASES IN TLNS)

... CP=CONSTANT PRESSURE SPECIFIC HEAT (NOT IN USE IN TLNS)

... REN=REYNOLDS NUMBER
(CAN BE SWITCH ON OR OFF IN THIS SUBROUTINE)

... PRN=PRANDTL NUMBER

... PRNT=TURBULENT PRANDTL NUMBER
=0. FOR LAMINAR FLOW
=0.9 FOR TURBULENT FLOW

... TREF=THE REFERENCE TEMPERATURE FOR VISCOSITY CALCULATION
ZMUO=THE VISCOSITY AT T=TREF

... OMEGA=EXPONENTIAL VISCOSITY LAW

PO=STAGNATION PRESSURE
... TO:STAGNATION TEMPERATURE

... TWALL=GIVEN WALL TEMPERATURE FOR IWALL:l
PB=THE BACK PRESSURE AT THE EXIT OF NOZZLE

=0. (SUBSONIC FLOW EXTRAPOLATED FROM INTERIOR)
=THE SPECIFIED BACK PRESSURE (FIXED THE PRESSURE FOR
SUBSONIC PORTION AT EXIT)

... IREAD=O FOR DEFAULT CONICAL NOZZLE
=1 READ GRID FROM DATA FILE

... IWRT=l PRINTING OF FLOWFIELD RESULTS
=0 NO PRINTING OF FLOWFIELD RESULTS

IRUN=O FOR 1ST RUN

* READ INPUT DATA

READ (1,INPUT)
READ (I1,DINPL)
IRUN=IRUN+l
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IL1=IL-1
JLl=JL-1

* READ GRID FROM DATA FILE

IF(IREAD.EQ.l) THEN
READ (3,501) ((X(T,J),Y( I,J),I11, IL),J=1,JL)

501 FORMAT(E17.9,4E16.9)
ELSE
END IF

* COORDINATE TRANSFORMATION

EXI=l .0
EYI=l .0
DO 30 I=l,IL
IPlI I+1
IMl=I-1
IF(I.EQ2.1) IM1=l
IF(I.EQ.IL) IP1=IL
DSAI=2. *EXI
IF(I.EQ.1.OR.I.EQ.IL) DSAI=EXI
DO 30 J-1,JL
JP1~J+1

IF(J.EQ.1) JM1=1
IF(J.EQ.JL) JPI=JL
DETAM2 .*EYI
IF(J.EQ.1.OR.J.EQ.JL) DETA=EYI

XETA=(X(I,JP1)-X(I,JMl))/DETA
YETA=(Y( I, JP1)-Y( I, JM1) )/DETA
IF(J.EQ.1) THEN
XETA=XETA-0. 5* (X( I,J) -2.*X( I, J+1) +X( I, J+2) )
YETA=YETA-0.5* (Y(I, J )-2. *Y( I,J+1 )+Y( I,J+2))

ELSE
END IF

* JACOBIAN IS DEFINED AS-

* J=(X *y -x *y

* SAT ETA ETA SAT

RJP=XSAI *YETA-.XETA*YSAI
RJ( I, J)=1 ./RJP
SAIX( I, J)=YETA/RJP
SAIY( I,J)=-XETA/RJP
ETAX(I, J)=-YSAI/RJP
ETAY( I, J)=XSAI/RJP

30 CONTINUE

* CALCULATE METRIC TERMS AT MID POINTS
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CALL MCONST

* INITIAlIZATION - COMPUTE Q(I,J,K)

* GIVE THE INITIAL VALUE OF VISCOSTY
* IF THE VISCOSITY AT T=TREF IS GIVEN FROM INPUT
* THE CALCULATION FOR ZNUO MUST BE SWITCHED OFF

GMl=GAMMAO-l.
R=RG/AMWO
CV=CP/GAMMA0
TIN=TO/( 1. +0*5*GMl*RMl**2)
UIN=RMl*SQRT (GAMMAO*R*TIN)
PIN~zP0* (TIN/TO)**(GAMIMAO/GMl)
RIN=PIN/(R*TIN)
ZMUO=(RIN*UIN*Y(l)*2. )/REN

* SIKIP TO RERUN THE CODE

IF(IRUN.NE.l) GO TO 100
DO 40 I=l,IL
IF(I.EQ.1) THEN
AMWS=AMWO
GAMMA=GAMMAO
GMl=GAMM~A- 1.
RO=PO/ (RG/AMWS )/TO

END IF
42 RM=RM1+-FLOAT(I-1)/FLOAT(IL1)*(RM2-RM1)

GMM=1 .40. 5*GM1*RM**2
TS=TO/GMM
PS=PO/GMM* *(GAMMAJ/GM1)
RS=PS/ (RG/AMWS )/TS
IE(I.EQ.1) THEN
WRITE (6,504) TS,PS,RS,AWS,GAMA

504 FORMAT(//1IX,' TS=',E11.5,' PS=',E11.5,' RS=',E11.5,

41 TS1=TS

RS1=RS
ES=FE(RS,TS)
AMWS=FAMW(RS, TS)
GAMMA=1.+(RG/AMWS)/(ES/TS)
GM1=GAMMA- 1
GMM=1 .+0. 5*GM1*RM**2
TS=TO/GMM
PS=PO/GMM** (GAMMA/GM1)
RS=PS/ ( R/AMWS )/TS
WRITE (6,503) TS,PS,RS,ES,AI4WS,GAMMA

503 FORMAT(1X,) TS=',E11.5,' PS=',EIl.5,' RS=',E11.5,
> I ES=',E11.5,' AMW=',Ell.5,' GAMMA=',E11.5)
IF(ABS(TS-TS1) . T. 1. E-5 .OR.ABS(PS-PS1) . T.1. E-5 .OR.
> ABS(RS-RSI).CT.1.E-5) GO TO 41

END IF
ES=FE(RS, TS)
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CO=SQRT(FCO2(PS,RS,TS,ES,AMWS))
UU=RM *CO
DO 40 J=1,JL
IF(I.EQ.l.OR. I.EQ. IL) THEN

IF(I .EQ. 1) SLOPE=(Y(Itl,J)-Y(I,J) )/(X(I1-,J)-X(I,J))
IF(I .EQ. IL) SLOPE=(Y(I,J)-Y(I-l,J))/(X(I,J)-X(I-l,J))

ELSE
SLOPE=(Y(I+l,J)-Y(I-l,J) )/(X(I+l,J)-X(I-l,J))

END IF
DENOM=SQRT( 1. +SLOPE*SLOPE)
U( I,J)=UU/DENOM
V( I, J)=U*SLOPE/DENOM
UN( I, J)=SAIX( I, J)*U( I,J) +SAIY( I, J)*V( I,J)
VN( I, J)ETAX( I, J)*U( I,J) +ETAY( I, J)*V( I,J)

* SLIP INITIAL CONDITION, IVISC=O

IF(J.EQ.JL.AND. IVISC.EQ.O) THEN
U( I,J)=UU/DENOM
V( I, J)-ETAX( I, J)/ETAY( I,J) *U( I,J)
UN( I, J)=U( I,J) *SAIX( I,J) +V(I, J)*SAIY( I,J)
VN( I, J)=O.

END IF

* NO-SLIP INITIAL CONDITION, IVISC~l

IF(,J.EQ.JL.AND. IVISC.EQ.l) THEN
U( I, J)0.
V( I, J)=z
UN( I, J)=O.
VN( I, J)=O.

END IF
AMW( I, J)=AMWS
E( I,J)=ES
T( I,J)=TS
P( I, J)PO/(TO/T( I, J))** (GAMMA/GM1)
IF(J.EQ.JL.AND. IVISC.EQ.1) THEN

IF(IWALL.EQ.l) T(I,J)=TWALL
P( I,J)=P( I,J-1)
IF(I .EQ. IL.AND.PB.NE.O.O) P(I,J)=PB

ELSE
END IF
RHO( I, J)=P( I, J)/(RG/AMW( I, J))/T(I, J)
RHOU( I, J)RHO( I, J)*U( I,J)
RHOV( I, J)=RHO( I, J)*V( I,J)
EO( I, J)=RHO( I, J)* (E( I, J)+0. 5* (U( I, J)**2+V( I, J)**2) )

40 CONTINUE

* INITIALIZATION - COMPUTE DELTAU(I,J)

EIGM'AX=O.
DO 50 I=1, IL
DO 50 J=l,JL
CO=SQRT(FCO2(P( I,J) ,RHO(I, J) ,T( I,J) ,E( I,J) ,AMW( I,J)))
CX=SQRT(SAIX( I, J)**2+SAIY( IJ)**2)
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CY=SQRT(ETAX( I, 3)**2+ETAY( I, J)**2)
CX=(UjN(I, J)+CX*CO)/EXI
CY-(VN,( I,J)+fCY*CO)/EYI
EIGNN=ABS (CX)
IF(EIGNN.LE.ABS(CY)) EIGNN=ABS(CY)
TF(ITINME.EQ.l) GO TO 55
IF(CX.GE.EIGNAX) EIGMAX=CX
IF(CY.GT.EIGMAX) EIGMAX=CY

55 DELTAU( I, J)=CFL/EIGNN
50 CONTINUE

WRITE (6, INPUT)
WRITE (2,INPUT)
WRITE (6,DINPL)
IF(ITIME.EQ.1) RETURN
DO 60 I=l,IL
DO 60 J=l,JL
DELTAU( I, J)=CFL/EIGMAX

60 CONTINUE
RETURN

100 CONTINUE

* READ FLOWFIELD DATA, (NBEG, NEND ARE DETERMIND BY NDUM)

70 READ (9,502,END=65) NDUM,(SS(K),K=l,4)
502 FORMAT(I5,3X,4(lX,E14.7))

WRITE (10,502) NDUM,(SS(K),K=1,4)
GO TO 70

65 CONTINUE
NBEG=NDUM~+ 1
NEND=NBEG+NITER- 1
READ (7) ((DELTAU(I,J),I=1, IL),J=1,JL)
READ (7) ( (RHO(I,J),RHOU(I,J),RHOV(I,J),EO(I,J),

> 1=1,IL),J=1,JL)
DO 80 I=1,IL
DO 80 J=1,J',
U( I,J)=RHOU( I, J)/RHO( I,J)
V( I,J)=RHOV( I, J)/RHO( I,J)
UN(I, J)=U( I,J) *SAIX( I, J)+V( I, J)*SAIY(I, J)
VN( I, J)=U( I, J)*ETAX( I, J)+V( I, J)*ETAY( I, J)
EI, J)=EO( I, J)/RHO( I, J)-0. 5* (U(I, J)**2+V(I, J)**2)

T( I, J)FT(RHO( I, J),E( I, J))
AMW( I, J)=FAMW(RHO( I,J) ,T( I,J))
P( I,J)=RHO( I, J)* (RG/AMW( I, J))*T( I,J)

80 CONTINUE

* CHANGES IN /INPUT/ PUT HERE AND ADD - WRTTE (2,INPUT)

WRITE (6, INPUT)
WRITE (6,DINPL)
RETURN
END
SUBROUTINE SOLVE

* SOLVE SUBROUTINE
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PARANE'IEP (IZ=60, JZ=40)
COMMON /VECTOR/ DQ(IZ,JZ,4),Q(IZ,JZ,4),F(IZ,JZ,4),

> U(IZ,JZ) ,V(IZ,JZ) ,UN(IZ,JZ),VN(IZ,JZ),
> ZMU(JZ) ,ZMUT(JZ) ,ZK(JZ)

COMMvON /COORD/ SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),
> ETAY( IZ,JZ) ,RJ(IZ,JZ),X(IZ,JZ),Y(IZ,JZ),
> DELTAU(IZ,JZ) ,Al(IZ,JZ),A2(IZ,JZ),A3(IZ,JZ),
> A4(IZ,JZ)

COMMON /CONS/ EXI ,EYI ,THETA, CFL, CFLl, OMEGAX, OMEGAY, AIN, AEX,
>RL, RG, AMWO, GAMMAO, REN, PRN, PRNT, TREF, ZMUO, OMEGA,
>P0, TOTWALL, PB, SUM( 4)

COMMON /INTEG/ IL,JL,IL1,JL1,NBEG,NEND,NADV,NORD,ITIME,
> IVISC, IWALL, IWRT

DIMENSION RHO( IZ,JZ) ,RHOU( IZ,JZ) ,RHOV(IZ,JZ) ,EO( IZ,JZ)
EQUIVALENCE (Q(l,l,l),RHO(l,l)), (Q(l,l,2),RHOU(l,l)),

JEND=JL
IF(IVISC.EQ.l) JEND=JLl

* FORWARD SWEEP

* RHS CALCULATIONS

DO 20 I=2,IL
CALL RHSEF(I)
IF(IVISC.EQ.1) THEN
CALL MULAM(I)
IF(PRNT.NE.OO0) CALL MUTUR(I)
CALL KLAN(I)
IF(PRNT.NE.O.O) CALL KTUR(T)
CALL RHSVS(I)

END IF
CALL RHSH(I)

* CALCULATE RESIDUAL

DO 20 J=l,JL
DO 20 K=1,4
DQ( I,J,K)=-DELTAU(I,J)*DQ(I,J,K)

20 CONTINUE

* ADD SAT DIRECTION 4TH ORDER ARITFICIAL VISCOSITY

IF(OMEGAX.NE.O.O) CALL ADDX

* ADD ETA DIRECTION 4TH ORDER ARITFICIAL VISCOSITY

IF(OMEGAY.NE.O.O) CALL ADDY
DO 30 I=2,IL
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* SOLVE L-ETA OPERATOR

CAM, CoFFY(

* UPDATE VARIAPLIES FORWARD SWEEPT

DO 40 J=2,JEND
RJJ=RJ( I, J)/Y( I, J)
DO 45 K=1,4

45 CONTINUE
U( I, J)RHOU( I, / )/RHO( I, J)
V(I,J)=RHJCV(I, .)/RHO( I,J)

VN( I,J)=U( I,J)*ETAX( I,J)4ETAY(I,J)*V(I,J)

T( I,J3)=FT(RHO( I,J) ,E(I, J))
AMW( 1,3)=FAM1W(RHO( I,J) ,T( 1,3))

40 CONTINUE
CALL MULAM(I)

* CENTERLINE BOUNDARY CONDITIONS

CALL CLBC(I)

* WALL BOUNDARY CONDITIONS

IF(IVISC.EO.1) CALL WALLBC(I)
30 CONTINUE

* BACKWARD SWEEPT

* RHS CALCULATIONS

DO 70 IB=2,.ILl
IIL1- IB+2
CALL RHSEF(I)
IF(IVISC.EQ.l) THEN
CALL MULAM(I)
IF(PRNT.NE.O.0) CALL MUTUR(I)
CALL KLAM(I)
IF(PRNT.NE.0.0) CALL KTUR(I)
CALL RHSVS(I)

END IF
CALL RHSH(I)

* CALCULATE RESIDUAL

DO 70 J=l,JL
DO 70 K=1,4
DQ( I,J, K)=-DELTAU( I, J)*DQ( I,J, K)

70 CONTINUE

* ADD SAI DIRECTION 4TH ORDER ARTIFICIAL VISCOSITY
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IF(OMEGAX.NE.O.O) CALL ADDX

* ADD ETA DIRECTION 4TH ORDER ARTIFICIAL VISCOSITY

IF(OMEGAY.NE.O.O) CALL ADDY
DO 80 1B=2,ILl
I=I[Il- IB+2

* SOLVE L-ETA OPERATOR

CALL COEFY(I)

* UPDATING VARIABLES BACKWARD SWEEP

DO 90 J=2,JEND
RJJ=RJ( I, J)/Y( I, J)
DO 95 K=1,4
Q(I,JK)=Q(I,JK) +DQ( I,JK)*RJJ

95 CONTINUE

UN( I, J)=U( I, J)*SAIX( I,J) +V( I, J)*SAIY(IJ)
VN(I,J)=U(I,J)*ETAX(I,J)+V(I,J)*ETAY(I,J)
EI, J)=EO( I, J)/RHO( I,J) -0. 5* (U(I, J)**2+V(I, J)**2)

T( I,J)=FT(RHO( I,J) ,E( I, J))
AMW( I, J)=FAMW(RHO( I,J) ,T( I,J))
P( I, J)=RHO( I, J)* (RG/AMW( I, J))*T( I,J)

* UPDATING DELTAU(I,J)

CC:SQRT(FC02(P(I,J),RHO(I,J),T(I,J),E(I..J),AMW(I,J-)))
CX=SQRT(SAIX( I, J)**2+SAIY( I, J)**2)
CY=SQRT(ETAX( I,J)**2+ETAY( I,J)**2)
CX=(UN( I, J)+CX*CO)
CY=(VN( I,J) 4CY*C0)
EIGNN=ABS(CX)
IF(EIGNN.LE.ABS(CY)) EIGNN=ABS(CY)
DELTATJ(I,J)=ITIME*CEL/EIGNN+(l-ITIME)*DELTAU(I,J)

90 CONTINUE

* CENTERLINE BOUNDARY CONDITIONS

CALL CLBC(I)

* WALL BOUNDARY CONDITIONS

IF(IVISC.EQ.l) CALL WALLBC(I)
80 CONTINUE

RETURN
END
SUBROUTINE COEFY( I)

* SETTING COEFFICIENTS FOR LY-OPERATOR

1 18
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PARAMETER (IZ=60,JZ=40)
COMMON 'VECTOR' DQ(IZ,JZ,4),Q(IZ,jZ,4),F(IZ,JZ,4),
>G( IZ, JZ, 4), P( IZ, JZ) ,T( IZ, JZ),E( IZ, JZ) ,AMW( IZ, JZ),
N U( IZ, JZ) ,V( IZ, JZ) ,UN( IZ, JZ) ,VN( TZ, JZ),
> ZMU(JZ),ZMUT(JZ),ZK(JZ)

COMMON /COORD/ SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),
ETAY(IZ,JZ),RJ(IZ,JZ),X(IZ,JZ) ,Y(IZ,JZ),

> DELTAU(IZ,JZ),A1(IZ,JZ),A2( IZ,JZ) ,A3(IZ,JZ),
> A4( 2, JZ)

COMMO)N /CONS/ EXT ,EYI ,THET A,CFL,CFi,,uMEGAX,OMEGAY,AIN,AEX,
RL, PGAMWO ,GAMMAO, REN, PRNPRNTTREE, ZMUO ,OMEGA,

> PO,TO,TWALL.PB,SUM(4)
COMMON /INTEG,' IL,JL,IL1,JL1,NBEG,NEND,NADV,NORD,ITIME,

IVISC,IWALL,IWRT
DIMENSION RHO(IZ,JZ),RHOU(IZ,JZ) ,RHOV(iZ-,JZ),EO(IZ,JZ)
EQUIVALENCE (Q(1,1,1),RHO(1,1)), (Q(1,1,2),RHOU(1,1)),

>(Q( 1, 1,3) ,RHOV(1, 1) ),(Q( 1,1, 4) ,EO( 1, 1))
DIMENSION IN(4) ,EE(4,4,JZ),EL(4,JZ) ,W(4,JZ)
DIMENSION AM(4,4),BM(4,4),CM(4,4),DM(4)
DIMENSION AL(4,4),BE(4),DTEMP(4),ISUB(JZ)
DIMENSION B(4,4),BL1(4,4),D(4,4),A(4,4) ,AJM(4,4)
DATA ISUB /JZ*O/

* CHECK THE SONIC POINT AT DOWNSTREAM END

IF(IVISC-'NE.1) GO TO 5
IF(I.NE.IL) GO To 5
DO 10 J=1,JL
CO=SQRT(FCO2(P( I,J) ,RHO( I,J) ,T(I,J) ,E(I,J) ,AMW(I,J)))
CONTRA=UN( I, J)-SQRT(SAIX( I, J)**2+SAIY( I, J)**2 )*CO
IF(CONTRA.LT.0.0) THEN
ISUB(J)=]

ELSE
ISUB(J)0O

END IF
IF(PB.EQ. 0.0) ISUB(J)0O

10 CONTINUE
5 CONTINUE

* ON THE CENTER LINE OF THE NOZZLE AT J1l

J= 1
CALL SZERO(4,AM)
CALL SZERO(4,BM)
DO 15 M=1,4
DM(M)=O.
BM(M,M)=BM(M,M)+1 .0

15 CONTINUE
CALL SZERO(4,CM)
CALL EEL(J,4,JL,EE,EL,AM,BM,CM,DM. IN,AL,BE)

* INTERIOR NODS
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DO 20 J=2,JLl
TAUD=0. 50*DErTAU( I,J) *THETA/EYI
TAUD2=2.TU
JMl-:-J- I

CALL JCBAB(2,O,B,I,JMl)
CALL SMM(4,TATJD,B,AM)
CALL SZERO(4,.BM)
DO 25 M -l,4
BM( N, ) =BM(M, M) +1.

25 CONTINUE
CALL JCBABPrMl, l,O,A, I,J)
CALL JCBABPM(1,2,O,AJM,I,J)
CALL JCBD(D,I,J)
DO 30 M=1,4
DO 30 N='i,4
BM(M,N1)=BM(M,N)-TAUD2*(D(M,N)-A(M,N)+AJM(M,N))

30 CONT INUE
CALL JCBAB(2,O,B,I,JPl)
CALL SM-if(4,-TAUD,B,CM)

* INSERT VISCOUS JACOBIAN LHS HERE

IF(IVISC.EQ.l) THEN
CALL JCBMVS(A,B,D,I,J)
DO 35 M=1,4
DO 35 N=1,4
AM(M,N)=AM(M,N)-DELTAU(I,J)*A(M,N)
BM(M,N)=BM(M,N)+DELTAU(I,J)*B(M,N)
CM(M,N)=CM(M.N)-DELTAU(I,J)*D(M,N)

35 CONTINUE
ELSE
END IF
DO 40 K=1,4
DM(K)=DQ( I,J,K)

40 CONTINUE

* DOWNSTRtAM BCUNDARY CONDITIONS FOR VISCOUS FLOW

IF(IVISC.EQ.1.AND. (I.EQ.IL.AND.ISUB(J).EQ.1)) THEN
CALL TMPM(l,O,BLl,I,J)
DO 45 K=1,4

45 CONTINUE
CALL MMM(4,BL1,AM,A)
CALL MMM(4,BLl,BM,B)
CALL MMM(4,BL1,CM,D)
DO 50 M=1,4
DO 5 0 N-. , 4
AM (M, N) =A (M,N)
BM(M,N)=B(M,N)
CM(M, N)=D(M,N)

50 CONTINUE
DO 55 M=1,4
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DTEMP(M)=O.
DO 55 K=1,4
DTEMP(M)=DTEMP(M)+B1r,1K)*DM(K)

55 CONTINUE
DO 60 M=1,4
DM(M)=DTEMP(M)

60 CONTINUE
AR=FAR(P( I,J) ,RHO( I,J) ,T( I,J) ,E(I,J) ,AMW( I,J))
AE=FAE(P( I,J) ,RHO(1,3) ,T( I,J) ,E( I,J) ,AMW(I,J))
AER=AE,/-PRHO (I , J)
DFDR=AR+AER*(-EO(I,J)/RHO(I,J)+(U(I,J)**2+V(IJ)**2))
DPDU=-AER*U( I,J)
DPDV=-AER*V( I,J)
DFDIE>AER
BM(4, l)=DPDR/Y(I,J)
BM(4, 2)=DPDU/Y( 1,J)
BM(4, 3 ) DPDV/Y( I,J)
BM(4, 4)=DPDE/Y( I, 3)
IF(PB.NE.O.O) THEN
DLo(4)=(PB-P(1,J) )/RJ( 1,J)

ELSE
DM(4 )=O.

EnD I F

END IF
CALL EEL(J,4,,JL,EE,EL,AM,BM,CM,DM, IN,AL,BE)

20 CONTINUE

* WALL BOUNDARY CONDITIONS FOR INVISCID FLOW, EULER EQS.

J=JL
TAUD=THETA*DELTAU( I, J)/EYI
TF(IVISC.EQ.l) GO TO 65
CALL SZERO(4,AM)
CALL JCBAB(2,0,B,I,J-l)
CALL JCBABPM(1, l,0,A, I,J)
CALL JCBABPM(l,2,O,AJM, I,J)
CALL TMPM(2,O,BLl,I,J)
DO 70 M=1,3
DO 70 N=1,4
DO 70 K=1,4
AM (M, N) AM( M,N) +TAUD*BL1(M, K) *B(KN)

70 CONTINUE
CALL SZERO(4,BM)
CALL JCBAB(2,0,B,I,J)
CALL iCBD(D,I,J)
DO 75 M=1,3
DO 75 N=1,4
BM(M,N)=BM(M,'11)+BLl(M, N)
DO 75 K=1,4
BM(M,N)=BM(M,N)
>+TAUD*BL1( M, K) *( B(K,N) +A( KN) .D( K,N)-AMK, N)

75 CONTINUE
BM(4. )=-VN(I,J)
BM(4, 2 )ETAX( I, J)
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BM(4, 3 )ETAY(1, J)
BM(4, 4)=O.
CALLu SZERO(4,CM)
Do 80 M=1,3
DM (N) O.
DO 80 V14
DM(M)=DM(MV BLl(M,K)*DQ(I,J,K)

80 CONTINUE
DM( 4)--0.
GO TO 85

65 CONTINUE
CALL, SZERO(4,AM)
CALL, SZERO(4,BM)
CALLi S-ZERO(4,CM)
DO 90 M=1,4
Dm(Ii)=o.

90 BM(M,M)=l.O
85 CONTINUE

('A',,"" EEL(J.4,JL,EE,EL,AM,BM,CM,DM,IN,AL,BE)

* 3jL7E 4-4 BLOCK TRIDIAGONAL MATRICS

CALL[ SOLU(W,JL,4,EE,EL)
DO 1)5 J~l, JL
DO 95 K=1,4
DQ ( , J, K )=W(K, J)

95 CONTINUE
RETU -RN
END
SUJBRO)UTINE BC

* SUBPOTuTINE FOR 3OUN1DARY CONDITIONS

PARAMETER (I Z=60, JZ=40)
COMMON /VECTOR/ DQ(IZ,JZ,4),Q(IZ,JZ,4),F(IZ,JZ,4),

G(IZ,JZ,4), P( IZ,JZ),T(IZ,JZ),E(IZ,JZ),AIW(IZ,JZ),
UJ(IZ,JZ) ,V( IZ,JZ),UN(IZ,JZ),VN(IZ,JZ),
ZMU(JZ), ZMUT(jZ), Zl&(JZ)

COMMON ,COORD/ SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),
ETAY( IZ,JZ),RJ(IZ,JZ),X(IZ,JZ),Y(IZ,JZ),
DELTAU( IZ,JZ),AI(IZ,JZ),A2(IZ,JZ),A3(IZ,JZ),
A4(IZJZ)

COMMON /CONS/ EXI ,EYI ,THETA,CFE,CFL1,OMEGAX,OMEGAY,AIN,AEX,
RL, RG,AMWO,GAMMAO, REN, PRN, PRNT,TREF, ZMU0,,OMEGA,
PO, TOTWALL, PB, SUM( 4)

COMM'ON /INTEG/ IL,JL,IL1,JL1,NBEG,NEND,NADV,NORD,ITIME,
> I'IISC, IWALJ, IWRT

DIMENSION RHO( IZ,JZ),RHOU(IZ,JZ),RHOV(IZ,JZ),EO(IZ,JZ)
EQUIVALFNCE (Q(l,1,l),RHO0(1,1)), (Q(1,1,2),RHOU(l,l)),

ENTRY CL-rBC(II)
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* CENTER LINE BOUNDARY CONDITIONS

* THE QUANTITIES EXTRAPOLATED ARE U, RHO, EO AND LET V=O

SY=SAIY(I,I)
EY=ETAY( 1,1)
DENOM=SY-l. 5*EY
IF(I.EQ.l) THEN
UIMl=O.
RHO IM1=0.
EOIM1=0.

ELSE
UIMl=U(I-l, 1)
RHOIMl=RHO( 1-1,1)
EOIMl=EO( 1-1,1)

END IF
U( I, 1 )=(SY*UIMl-0. 5*EY* (4.*U( 1,2) -U( I, 3)) )/DENOM
V(l, l)=O.
UN,( I, 1)=SAIX( 1,1) *U( 1,1)
VN( I, 1)=ETAX( 1,1) *U( I, 1)
RHO( I, l)=( SY*RHOIMl-0. 5*EY* (4. *RHO( 1,2 )-RHO(I, 3) ))/DENOM
EO(I, 1)=(SY*EOIM1-0. 5*EY*( 4.*EO( ,2) -EO( I, 3)) )/DENOM
E(I, l)=EO( I, l)/RHO(I, 1) -0.5* (U( I, l)**2+V(I, l)**2)
T(1,1 )=FT(RHO( 1,1), E( ,1))
AMW( 1,1 )=FAMW(RHO( 1,1) ,T( 1,1))
P( I, )=RHO( I, )*(RG/AMW( 1,1) )*T( 1,1)
RHOU( 1,1 )=RHO( I,1) *U( 1,1)
RHOV( 1,1)=RHO( I, l)*V( 1,1)
RETURN

ENTRY WALLBC(II)

* WALL BOUNDARY CONDITIONS FOR VISCOUS FLOW

J=JL
CC1=ETAX(I,J)*SAIX(I,J)+ETAY(I,J)*SAIY(I,J)
CC2=ETAX( IJ) **2+ETAY(I, J )**2
IF(I.NE.IL) THEN
AM=-0. 5*CCl
BMl .5*CC2
CM=O. 5*CCl
DM=CC2* (2. *P( I, J-l)-O. 5*P( I, J-2))

ELSE
AM=-CCl
BM=CCl+l 5*CC2
CM=O.
DM=CC2*(2.*P(I,J-l)-0.5*P(I,J-2))

END IF
1p11I+1
IF(I.EQ.IL) IPl=IL
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* LAMINAR VISCOSITY CALCULATION

* USE SUTHELAND LAW

DO 10 J=l,JL
TOS=TREF4 SCONST
TT=T( I,J)
TTS=TT SCONST
ZMU(J)=ZMUO*TOS/TTS*(TT/TREF)**l .5

* USE CONSTANT VISCOSITY

ZMU(J)=ZMUO

* USE EXPONENTIAL VISCOSITY LAW

ZMU(J)=ZMUO* (TT/TREF)**OMEGA

* USE DATA

ZMU(J)=FZMU(RHO( I,J) ,E( I,J))
10 CONTINUE

RETURN

ENTRY MUTUR(II)

* BALDWIN - LOMAX TURBULENCE MODEL

FYMAX0. 0
YMAX0. 0
UDIF=O.
YVERT(JL)=0.O
TAUW=ZMU(JL)*ABS(ETAY(I,JL)*(U(I,JL)-U(I,JL-1))

CYP=SQRT(RHO( I, JL)*TAUJW)/ZMU(JL)

DO 20 KI@2,JL1
K=JL+ 1-KK
YVER=YVERT(K+1)+1.0/SQRT(ETAX(I,K)**2+ETAY(I,K)**2)
OMG=ABS(ETAY(I,K)* (U( I, K+1)-U( I, K-1))* .5
>+SAIY( I, K)*(U( I,K)-U( I-1,K))
> -ETAX( I,K)*(V( I,K+1 )-V( I,K-1) )*.5

YPLUS=CYP*YVER
CEXP=YPLUS/AP
IF(CEXP.GT.500.) CEXP=500.
TURLEN=VKCON*YVER* (1. OO-EXP (-CEXP))
ZMUI (K)=RHO( I,K)*OMG*TURLEN**2
FY=TURLEN/VKCON* 0MG
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UTOTAL=SQRT(U( I,K) **2+V( I,K) **2)
IF(UTOTAL.GE.UDIF) UDIF=UTOTAL
IF(FY.LT.FYMAX) GO TO 20
FYMAX=FY
YDIAX=YVER

20 YVERT(K)=YVER

VXDIF=UDIF
FWAKE1lYMAX* FYMAX
FWAKE2=CWK*YMAX*VXDI F* *2/FYMAX
FWAKE=AMINl (EWAKE1, FWAKE2)

DO 30 KK=2, JLl
K=JL+ l-KK
FKLEB=(CKLEB*YVERT(K)/YMAX) **6
FKLEBl ./( 1.0+5. 5*FKLEB)
ZMUO=XK*CCP*RHO( I,K) *FWAKE*FKLEB
IF(ZMUI(K).GT.ZMUO) THEN

ZMUTUR=ZMUJO
ELSE

ZMUTUR=ZMUI (K)
END IF
ZMUT ( K)=ZMUTUR
ZMU (K) =ZMU (K) +ZMUTUR
WRITE (77,500) K,Y(I,K),YVERT(K),U(I,K) ,ZMUI(K),ZMUO,ZMU(K)

500 FORMAT(2X,I3,6(2X,D13.6))
30 CONTINUE

ZMUT( 1)=O.
ZMUT(JL)=0.
RETURN

ENTRY KLAM(II)

DO 40 J1I,JL
ZK(J)=FZK(RHO( I,J) ,E( I,J))

40 CONTINUE
RETURN

ENTRY KTUR(II)

DO 50 J=1,JL
CPT=RG/AMW( I, J)+E( I, J)/T( I, J)
ZKT -CPT/PRNT*ZMUT( J)
ZK(J)=ZK(J)4-ZKT

50 CONTINUE
RETURN
END
SUBROUTINE MCONST

* SUBROUTINF FOR CALCULATING METRIC TERMS AT THE MIDPOINT
* (I,J+1/2), (FOR THE VISCOUS VECTOR DMVS/DETA)
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*4 2 2
* Al(I,J)=(-ETA +ETA

*3 X Y

* A2(I,J)=-ETA *ETA
*3 X Y

2 24 2
* A3(I,J)=(ETA +-ETA

*X 3 Y

*2 2
* A4(I,J)=(ETA +ETA

*x Y

PARAMETER (I Z=60, JZ=40)
COMMON /VECTOR/ DQ(IZ,JZ,4),Q(IZ,JZ,4),F(IZ,JZ,4),
>G( IZ,JZ,4), P( IZ,JZ) ,T(IZ,JZ) ,E( IZ,JZ) ,AMW( IZ,JZ),
>U( IZ, JZ) ,V( IZ, JZ) ,UN( IZ, JZ) ,VN( IZ, JZ),
> ~ZMLU(JZ),ZMUT(JZ),ZK(JZ)

COMMON /COORD/ SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),
> ETAY(IZ,JZ) ,RJ(IZ,JZ) ,X(IZ,JZ),Y(IZ,JZ),
> DELTAU(IZ,JZ) ,Al(IZ,JZ) ,A2(IZ,JZ) ,A3(IZ,JZ),
> A4(IZ,JZ)

COMMON /CONS/ EXI ,EYI, THETA, CFL, CFLl, OMEGAX, OMEGAY, AIN, AEX,
> RL,RG,AMWO,GAMMAO, REN,PRN,PRNT,TREF, ZMUO,OMEGA,
>P0, TO, TWALL, PB, SUM( 4)

COMMON /INTEG/ IL,JL, 1LI,JL1,NBEG,NEND,NADV,NORD,ITIME,
> IVISC, IWALL, IWRT

DIMENSION RHO(IZ,JZ),RHOU(IZ,JZ) ,RHOV(IZ,JZ),EO(IZ,JZ)
EQUIVALENCE (Q(l,l,l),RHO(l,l)), (Q(l,l,2),RHOU(l,l)),

>(Q(l, 1,3) ,RHOV(1, 1)), (Q(l, 1,4) ,EO(1, 1))
DATA FD3,0D3 /1.333333333333,0.333333333333/

DO 10 I=2,IL
DO 10 J=1,JLl
IF(I.EQ.IL) THEN

ELSE

END IF
YETA=Y( I, J+1)-Y( I,J)

RJJ=1 ./(XSAI*YETA-XETA*YSAI)
A1( I,J)=RJJ*RJJ*(FD3*YSAI**2+XSAI**2)
A2 (I ,J )=RJJ*RJJ*OD3*XSAI *YSAI
A3 (I, J)=RJJ*RJJ* (YSAI**2+FD3*XSAI**2)
A4(I,J)=RJJ*RJJ*(XSAI**2.YSAI**2)

10 CONTINUE
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RETURN
END
SUBROUTINE AVERAGE(IA, IROE,CXM,CYM,RHOM,UM,VM,EOM,PM,UCNM,

> EM,TM,AMWM, I,J)

* SUBROUTINE FOR AVERAGING FLOW PROPERTIES

IF* ~ ,AEAIG F FRAMTI

* IF IA=l, AVERAGING OF QFOR A MATRIX

* IF IROE=O, MEAN VALUE AVERAGING
* IF IROE=l, ROE AVERAGING

PARAMETER (I Z=60, JZ=40)
COMMON /VECTOR/ DQ(IZ,JZ,4) ,Q(IZ,JZ,4),F(IZ,JZ,4),
> G(IZ,JZ,4), P(IZ,JZ) ,T(IZ,JZ),E(IZ,JZ) ,AMW(IZ,JZ),
> U(IZ,JZ) ,V(IZ,JZ) ,UN(IZ,JZ),VN(IZ,JZ),
> ZMU(JZ),ZMUT(JZ) ,ZK(JZ)

COMMON /COORD/ SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),
>ETAY( IZ,JZ) ,RJ(IZ,JZ) ,X( IZ,JZ),Y(IZ,JZ),
>DELTAU( IZ,JZ) ,Al( IZ,JZ) ,A2(IZ,JZ) ,A3(IZ,JZ),
> A4(IZ,JZ)

COMMON /CONS/ EXI, EYI,/THF:TA, CEL, CFL1,OMEGAX,OMEGAY,AIN, AEX,
> RL,RG,AMWO,GAMMAO,REN,PRN,PRNT,TREF, ZMUO,OMEGA,
>P0, TO, TWALL, PB, SUM(4)

DIMENSION RHO(IZ,JZ) ,RHOU( IZ,JZ) ,RHOV( IZ,JZ) ,EO(IZ,JZ)
EQUIVALENCE (Q(l,l,1),RHO(l,l)), (Q(l,l,2),RHOU(l,l)),

> (Q(1,1,3),RHOV(1,l)),(Q(l,1,4),EO(l,l))

IROE~l
IF(IA.EQ.1) THEN

I 1=I
J 1 J
12=I+1
J2=J
CXM=0.5*(SAIX(Il,Jl)+SAIX(I2,J2))
CYM=O.5*(SAIY(Il,J1)+SAIY(I2,J2))

END IF
IF(IA.EQ.2) THEN

I 1=I
Jl=J
12=I
J2=J+l
CXM0. 5* (ETAX( II, J)+ETAX( 12, J2) )
CYM=0.5*(ETAY(I1,Jl)+ETAY(I2,J2))

END IF
IF(IROE.EQ.O) THEN
RHOM=0.5*(RHO(I1,Jl)+RHO(I2,J2))
UM=O. 5* (U( Ii,Jl)+U( 12, J2))
VM=0.5*(V(Il,Jl)+V(I2,J2))
EOMO0.5*(EO(Il,jl)+EO(I2,J2))
PMO0.5*(P( Ii,Jl)+P( 12, J2))
IF(IA.EQ. 1) UCNM=0.5*(UN(Il,Jl).UN(I2,J2))
IF(IA.EQ.2) UCNM=0.5*(VN(I1,Jl)+VN(I2,J2))

128



FILE: NPROG11 FOR Al VM/SP CMS 4-8602 (02/02/88) -- THE PENNSYLVANIA STAT

UCNM=CXM*UM+CYM*VM
EM=EOM/RHOM-0.5* (tfl**2 IVM**2)
TM=FT(RHOM, EM)
AMWM=FAMW (RHOM,TM

END IF
IF(IROE.EQ.l) THEN
SQRH0l=SQRT(RHO( Il,J1))
SQRHO2=SQRT(RHO( 12, J2))
DENOM=SQRHO 1 +SQRHO2
RHOM=(RHO( Ii,Jl)*SQRHOl±RHO( 12, J2)*SQRHO2 )/DENOM
UM=(U(Il,J1)*SQRH0l+U(I2,J2)*SQRH02)/DENOM
VM=(V(Il,Jl)*SQRHOl+V(12,J2)*SQRHO2)/DENOM
HT1=(EO(Il,Jl)+P(Il,Jl))/RHO(Il,Jl)
HT2=(EO( 12, J2)+P( 12, J2) )/RHO( 12,J2)
HT1-: (HTl*SQRHO1+HT2*SQRHO2 )/DENOM

* ARITHMETIC AVERAGING OF "REAL GAS GAMMA"

G2=l.+(RG/AMW(I2,J2))/(E(I2,J2)/T(I2,J2))
GM=0. 5* (Gl+G2)
PM=(GM-l. )/GM*(RHOM*HTM-0.5*RHOM*(UM**2+VM**2))
E0M=RHOM*HTM-PM
UCNN=CXM*UM+ CYM*VM
EM=EOM/RHOM-0. 5*(UM**2+VM**2)
TM=FT(RHOM, EM)
AMWM=FAMW (RHOM, TM)

END IF
RETURN
END
SUBROUTINE JCBCL

* SUBROUTINE FOR JACOBIANS CALCULATIONS

PARAMETER (I Z=60, JZ= 40)
COMMON /VECTOR/ DQ(IZ,JZ,4),Q(IZ,JZ,4),F(IZ,JZ,4),
>G(IZ,JZ,4), P( IZ,JZ) ,T(IZ,JZ) ,E( IZ,JZ) ,AMW(IZ,JZ),
>U( IZ, JZ) ,V( IZ,JZ) ,UN( IZ, JZ) ,VN( IZ, JZ),
> ZMU(JZ),ZMUT(JZ),ZK(JZ)

COMMON /COORD/ SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),
> ETAY(IZ,JZ) ,RJ(IZ,JZ) ,X(IZ,JZ) ,Y(IZ,JZ),
> DELTAU(IZ,JZ),A1(IZ,JZ) ,A2(IZ,JZ),A3(IZ,JZ),
> A4(IZ,JZ)

COMMON /CONS/ EXI,EYI,THETA,CFL,CFLl,OMEGAX,OMEGAY,AIN,AEX,
>RL,RG,AMWO,GArMhAO,REN,PRN,PRNT,TREF, ZMUO,OMEGA,
>P0, TO, TWALL, PB, SUM( 4)

COMMON /INTEG/ IL,JL,ILl,JLl,NBEG,NENJ,NADV,NORD,ITIME,
> IVISC, IWALL, IWRT

DIMENSION RHO( IZ, JZ) ,RHOU( IZ, JZ) ,RHOV( IZ, JZ) ,EO( IZ, JZ)
EQUIVALENCE (Q(l,l,1),RHO(l,1)), (Q(l,l,2),RHOU(1,l)),

> (Q(l,l,3),RHOV(l,1)),(Q(l,l,4),EO(1,l))
DIMENSION A(4,4) ,B(4,4) ,C(4,4) ,AA(4,4) ,BB(4,4) ,DIAG(4),

> D(4,4)

ENTRY JCBAB(IA,IMID,A,I,J)
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* JACOBIAN A OR B MATRIX CALCULATIONS
* A=DE/DQ, B=DF/DQ

IF* ~ ,ACPMTI

* IF Ik=l, ACAP MATRIX

IF( (IA. EQ. 1.AND. IMID. EQ. 0) .OR.
" (IA.EQ. 1.AND. IMID.EQ. 1.AND. I.EQ. IL)) THEN

CX=SAIX( I,J)
CY=SAIY( I,J)
QRHO=RHO( I,J)
QU=U( I,J)
QV=V( I,J)
QEO=EO( I, J)
QP=P(I,J)
QCN=UN (I ,J)
QE=E( I,J)
QT=T( I,J)
QAMW=ANW( I,J)

END IF
IF( (IA. EQ.2 .AND. IMID. EQ. 0) .OR.

" (IA.EQ.2.AND. IMID.EQ.1.AND.J.EQ.JL)) THEN
CX=ETAX( I, J)
CY=ETAY( I,J)
QRHO=RHO( I,J)
QU=U( I,J)
QV=V( I,J)
QEO=EO( I,J)
QP=P( I,J)
QCN=VN (I , J)
QE=E( I,J)
QT=T( I,J)
QAMW=AMW( I,J)

END IF
IF(IA.EQ.1.AND.IMID.EQ.1.AND.I.NE.IL) THEN
CALL AVERAGE(IA,IROE,CX,CY,QRHO,QU,QV,QEO,QP,QCN,
> QE,QT,QAMW, I,J)

END IF
IF( IA.EQ.2 .AND. IMID.EQ. 1.AND.J.NE.JL) THEN
CALL AVERAGE(IA,IROE,CX,CY,QRHO,QU,QV,QEO,QP,QCN,
> QE,QT,QAMW, I,J)

END IF
AR=FAR(QP,QRHO,QT,QE,QAMW)
AE=FAE(QP,QRHO,QT,QE,QAMW)
AER=AE/QRHO
DPDR=AR+AER*(-QEO/QRHO+(QU**2+QV**2))
DPDU=-AER*QU
DPDV=-AER*QV
DPDE=AER
A(l, 1)0.O
A( 1,2 )=CX
A (1,3) =CY
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A(l,4)0O.0
A (2, 1) =-QU*QCN+CX*DPDR
A( 2,2 )=QCN+CX* (QU+DPDU)
A (2, 3 )CY*QU+CX*DPDV
A(2, 4)=CX*DPDE
A( 3, 1) =QV*QCN+CY*DPDR
A (3, 2)=CX*QV+CY*DPDU
A(3,3)=QCN4CY*(QV+DPDV)
A(3, 4)=CY*DPDE
A(4, l)=QCN*(DPDR-(QEO+QP)/QRHO)
A( 4,2 )QCN*DPDU+CX* (QEO+QP)/QRHO
A (4,3)=QCN*DPDV+CY* (QEO+QP )/QRHO
A(4, 4)=QCN* (1.+DPDE)
RETURN

ENTRY JCBABPM( IA, IB, IMID,A, I,J)

* SPLITTED JACOBIAN A-PLUS, A-MINUS, B-PLUS, OR B-MINUS
* + -1 -1 + - -1 -1l

* A =T *P' *(LAM~BDA) *P*T, A =T *P *(LAMvBDA) *P*T

* + -1 -1 + --

* B =T *P *(LAM4BDA) *P*T, B =T *p *(LAMBDA) *P*T

* IF IA1l IB~l - A-PLUS MATRIX
* IF IAl IB=2 - A-MINUS MATRIX
* IF IA=2 IB1l - B-PLUS MATRIX
* IF IA=2 IB=2 - B-MINUS MATRIX
* IF IMID=O - JACOBIAN CALCULATED IN POINT (I,J)
* IF IMIDl IA1l - JACOBIAN CALCULATED IN POINT (I+l/2,J)
* IF IMID=1 IA=2 - JACOBIAN CALCULATED IN POINT (1,J+1/2)

IF( (IA.EQ. l.AND. IMID.EQ.O) .OR.
" (IA.EQ.1.AND. IMID.EQ.1.AND. I.EQ.IL)) THEN

CX=SAIX( I,J)
CY=SAIY( I,J)
QRHO=RHO( I,J)
QU=U (I ,J)
QV=V (I J)
QEO=EO( I,J)
QP=P( I, J)
QCN=UN (I ,J)
QE=E(I, J)
QT=T(I, J)
QAMW=AMW(I,J)

END IF
IF( (,iA.EQ.2.AND.IMID.EQ.O) .OR.

" (IA.EQ.2.AND. IMID.EQ.1.AND.J.EQ.JL)) THEN
CX=ETAX( I,J)
CY=ETAY( I, J)
QRHO=RHO( I,J)
QU=U (I ,J)
QV=V(I, J)
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QEO=EO( I,J)
QP=P( I,J)
QCN=VN (I ,J)
QE= ( I, J)
QTr<T(I, J)
QAMW=AMW( I, J)

END IF
IF(IA.EY. 1.AND. IMID.EQ.l.AND.I.NE.IL) THEN
CALL AVERACE(IA, IROE,CX,CY,QRHO,QU,QV,QEO,QP,QCN,
> QEIQT,QAMW, I,J)

END IF
IF(IA.EQ.2.AND. IMID.EQ.1.AND.J.NE.JL) THEN
CALL AVERAGE(IA,IROE,CX,CY,QRHO,QU,QV,QEO,QP,QCN,
> QE,QT,QAMW, I,J)

END IF
CO=SQRT(FCO2(QP,QRHO,QT,QE,QAMW))
CQ=SQRT(CX**2+CY**2)
CQCO=CQ* CO
El G4=QCN- CQCO
IF(IB.EQ.l) THEN
DIAG( 1 )QCN
DIAG(2 )=QCN
DIAG(3 )QCN+CQCO
DIAG(4)0O.
IF(EIG4.GE. 0.0) DIAG(4)=EIG4

END IF
IF(IB.EQ.2) THEN

DIAG(l1)=0.
DIAG(2 )=O.
DIAG(3 )=0.
DIAG(4)0O.
IF(EIG4. LT.0.0) DIAG(4)=EIG4

END IF
CALL TMPM(IA,IMID,AA,I,J)
DO 30 11=1,4
DO 30 JJ=l,4
BB(II, JJ )=DIAG( II) *AA( II, JJ)

30 CONTINUE
CALL PPTP(IA,IMID,AA,I,J)
CALL MMM(4,AA,BB,A)
RETUJRN

ENTRY JCBD(D,I,J)

* SOURCE TERM JACOBIAN MATRIX, D=DH'/DQ

* H(1)=O.
* H(2)=O.
* H(3)=(P-4./3.*MU*V/Y)/J
* H(4)=O.

CALL SZERO(4,D)
IF(IVISC.EQ.O) THEN
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ZMU(J)=O.
DMIJDR=0.
DMUDU=0.
DMUDV=0.
DMUDE=0.

ELSE
CR=FDMUDRE(RHO( I,J) ,E( I,J))
CE=FDMUDER(RHO( I,J) ,E( I,J))
CER=CE/RHO( I,J)
DMUDR=CR+CER* (-EO( I, J)/RHO( I, J)+ (U(I, J)**2+V( I, J)**2))
DMUDU=-CER*U( I, J)
DMUDV=-CER*V( I, J)
DMUDE=CER

END IF

AE=FAE(P(I,J) ,RHO(I,J) ,T(I,J) ,E(I,J) ,AMW(I,J))

AER=AE/RHO (I ,J)
DPDR=AR+AER*(-E0(I,j)/RHO(I,J)+(U(I,J)**2+V(I,J)**2))
DPDU=-AER*U( I,J)
DPDV=-AER*V( I, J)
DPDE=AER
PY=4./3 ./Y(T I**
D(3, 1 )DPDR/Y( I, J)
>+IVISC*(-V(I,J)*Dv UDR+ZMU(J)*V(I,J)/RHO(I,J) )*RY

D(3.2 )=DPDU/Y( I,J)
> +IVISC*(-V( I,J)*DMUDU)*RY

D(3, 3)=DPDV/Y( I, J)
> +IVISC*(V(I,J)*DMUDV-ZMU(J)/RHO(I,J) )*RY

D(3, 4)=DPDE/Y( I, J)
> sIVISC*(V(I,J)*DMUDE)*RY
RETURN

ENTRY JCBMVS(A,B,C,I,J)

* VISCOUS JACOBIAN MATRIX, MVS=-D(DSVS' /DETA+H' ')/DQ

* H(1)=O.

*1 2
* H(2)=-*(--*ETA *D(MU*V)/DETA)
* , 3 X

1 12 2
* H(3)=-*(-*ETA *MU*DU/DETA*ETA *V*D(MTJ)/DETA)
*J 3 X 3 Y

*1 2 2
* H(4)=-*(--*ETA *D(MJ*U*V)/DETA--*ETA *D(MU*V*V)/DETA)
* 3 X 3 Y

YJP1 Y(I,JPl)/RJ(I,JP1)
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YiP = 0.5*(Y( I,J)/RJ(I,J)+Y(I,JPl)/RJ(I,JPl))
YJ = Y(I,J)/RJ(I,J)
YJM = 0.5*(Y(I,J)/RJ(I,J)+Y(I,JMl)/RJ(I,JMl))
YJM1 = Y(I,JMl)/RJ(I,JMl)
EXJ = 1./3.*ETAX(I,J)/RJ(I,J)
EYJ =l./3.*ETAY(I,J)/RJ(I,J)
RHOP = O.5*(RHO(I,J)+RHO(I,JPl))
RHOM = 0.5*(RHO(I,J)+RHO(I,JMl))
UP = 0.5*(U(I,J)+U(I,JPl))
UM = 0.5*(U(I,J)+U(I,JMl))
VP = O.5*(V(I,J)+V(I,3Pl))
VM = 0.5*(V(I,J)+V(I,JMl))
EP = 0.5*(E(I,J)+E(I,JPl))
EM =O0.5*(E(I,J)+E(I,JMl))
ORPI =l./RHO(I,JPl)
OR =l./RHO(I,J)
ORMi = l./RHO(I,JMl)
UORPI U(I,JPl)/RHO(I,JPl)
UOR = U(I,J)/RHO(I,J)
UORMl U(I,JM1)/RHO(I,JMl)
VORPi = V(I,JPl)/RHO(I,,JPl)
VOR =V(I,J)/RHO(I,J)
VORMi V(I,JMl)/RHO(I,JMl)
U2P1 U(I,JPl)**2
U2P =(0.5*(U(I,J)+U(I,JPl)))**2
U2 =U(I,J)**2
U2M = (O.5*(U(I,J)+U(I,JMl)))**2
U2M1 U(I,JMl)**2
V2PI = V(I,JPI)**2
V2P = (0.5*(V(I,J)+V(I,JPl)))*"*2
V2 =V(I,J)**2
V2M =(0.5* (V( I, J)+V( I,JMl) ))**2
V2Ml =V(I,JMl)**2
UVrl = U(I,JPl)*V(I,JPl)
UV = U(I,J)*V(I,J)
uvm1 = U(I,JMl)*V(I,JMl)
U2ORP1 U2Pl*ORPl
U20R =U2*OR
U2ORMl U2M1*ORMl
V2ORPl V2Pi*ORPl
V20R =V2*OR
V20RMI = V2Ml*ORM1
UVORPI= JVPI*ORPI
TJVOR = JV*OR
TJVORMl = UVM1*ORMl
ZMIJP =0.5*(ZMU(J)+ZMU(JPl))
ZMUM = 0.5*(ZMU(J)+ZMTJ(JMl))
YJZMUP = YJP*ZMUP
YJZMUM =YJM*ZMIJM
ZKP = 0.5*(ZK(J)+ZK(JPl))
ZKM =0.5*(ZK(J)+ZK(JMl))
YJZKP = YJP*ZKP
YJTZKM = YJM*ZKM
EOORPl EO(TITPl)/RHO(I,JP1)
EOORP = 0.5*(EO(I,J)/RHO(I,J)+EO(I,JPl)/RHO(I,JPl))

134



FILE: NPROGll FOR Al VM/SP CMS 4-8602 (02/02/88) -- THE PENNSYLVANIA STAT

ECOR =EO(I..J)/RHO(I,J)
EOORM =0.5* (EO( I, J)/RH I, J) -EO( I, JMl )/RHO(1, JMl))
FOORMI = O(I,JMI)/RHO(I,JMI)

BR=FDTDRE(RHO(I,JPl),E(I,JPl))
BE=FDTDER(RHO(I,JP1),E(I,JPl))
BER=BE/RH0( I,JPl)
DTDRP1=BR+BER*(-EOORPl+(U2Pl+V2Pl))
DTDUP1=-BER*U( I,JPl)
DTDVP1=-BER*V( I,JPl)
DTDEPl=BER
BR=FDTDRE(RHO( I,J) ,E( I,J))
BE=FDTDER(RH0( I,J) ,E( I,J))
BER=BE/RHO( I,J)
DTDR=BR+BER* (-EOOR+ (U2+V2))
DTDU=-BER*U( I,J)
DTDV=-.BER*V( I,J)
DTDE=BER
BR=FDTDRE(RH( I, JMl) ,E( I,JMl))
BE=FDTDER(RHO( I,JMl) ,E( I,JMl))
BER=BE/RHO( I, JMl)
DTDRM1=BR+BER* (-EOORM1+ (U2Ml+V2Ml))
DTDUMlI=BER*U( I,JMl)
DTDVM1=-BER*V( I,JMl)
DTDEM1=BER

* RFMDEROIJ1,(,P)

CR=FDMUDR(RHO(I,JP1J,E(I,JPI))

CER=CE/RHO( I,JPl)
DMTJDRPI=CR+CER*(-EO0RPl+(U2Pl+V2Pl))
DMUDUPl=-CER*U( I ,JPl)
DMUDVP1=-CER*V( I,JPl)
DMUDEP1lCER
CR=FDMUDRE (RHOP, EP)
CE=FDMUDER (RHOP,EP)
CER=CE/RH0P
DMDPPCR+CER* (-EOORP+ (U2P+V2P))
DMUDUP=-CER*UP
DMJDVP=-CER*VP
DMTJDEP=CER
CR=FDMUDRE(RH0(I,J),E(I,J))
CE=FDMJDER(RHO(I, J) /E( I,J))
CER=CE/RHO( I,J)
DMUDR=CR+CER* (-EOOR+ (U2+V2))
DMUDtU=CER*U( I,J)
DMUDV=-CER*V( I,J)
DMUDE=CER
CR=FDMUDRE (RHOM, EM)
CE=FDMUDER (RHOM, EM)
CER=CE/RHOM
DMUDRM=CR+CER* (-EOORM+ (U2M+V2M))
DMUDUM=-CER*UM
DMUDVM=-CER*VM
DMUDEM=CER
CR=-FDMUDRE(RHO( I, JM1) ,E( I, JM1))
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CE=FDMUDER(RHO( I,JMl) ,E( I,JMl))
CER=CE/RHO( I, JMl)
DMUDRMI=CR+CER* (-EOORM + (U2Ml+V2Ml))
DMUDUM1=-.CER*U( I , M1)
DMUDVM1=-~CER*V( I ,JMl)
DMUDEM1=CER

DR=FDKDRE (RHOP, EP)
DE=FDKDER (RHOP, EP)
DER=DE/RHOP
DKDRP=DR+DER*(-EOORP+(U2P+V2P))
DKDUP=-DER*UP
DKD%'P =-DER *VP
DKDEP=DER
DR-FDKDRE (RHOM, EM)
DE=FDKDER (RHOM, EM)
DER=DE/RHOM
DKDRM=DR+DER*( -EOORM+(U2M+V2M))
DKDUM - DER* UM
DKDVM=-DER*VM
DKDEM=DER

* COMPUTE -M=-(DSVS',/DQ)/DETA

IF(JMl.EQ.1) THEN
CAL, SZERO(4,A)

ELSE
A(1, l)-O.
A (1 ,2 ) O.
A( 1,3 )=O.
A(1,4)=O.

>' +Yx'JZMUM*(A1( I,JM1)*UORMl+A2(I,JMl)*VORMl)/YJMl

A(2,2)=-DMUDUM*(Al(I,JM1)*U(I,JM1)+A2(I,JMl)*V(I,JMl))
>-YJZMUJM*A1 (I, JM1 ) *0PJM/YJMl

> YJZMUM*A2 (I,/JM1 )*ORMl/YJM1

A(2,4YZMUDM*(Al(,M3(,'Ml)+A2(2I,JM)*Rl)/JM1l
A(3,12)=-DMIJDUM*(A3 (I, JMl)*V( I,JMl)+A2( I,JMl)*U( I, JMl))
> +~~YJZMUM*(A(I ,JM )*VRM/YJ ,JI)UOM/lM
A(3,2)-=-DMUDVUM*(A3(I,JM1)*V(I,JMl)+A2(I,JMl)*U(I,JMl))
>-YJZMUM*A3 (I, JM ) *ORMl/YJMl

A(3, 4)=-DMUDEM* (A3 (I, JMl)*V( I, JMI)+A2(I, JMl)*2( I, JMl))
A(4,1)=-DMUDRM*(0.5*Al(I,JMl)*U2M+A2(I,JM)*')V74l
>+0. 5*A~3(1I,JMl)*V2Ml)

> ~+Y.JZMUM*(A1(I,JM1)*U2ORMl+2.0*A2(I,JMl)*UVORMl
> -A3 (I, JM1 )*V2ORMl )/YJM1

> -DKDRM*A4(I,JMl)*T(I,JMl)
> YJZKMkA4( I,JMl )*DTDRMl/YJMl
A(4,2)=-DMTJDUM*(O.5*Al(i,JMl)*U2Ml+A2(I,JMl)*UVMl
> +0. 5*A3( I,JM1)*V2Ml)

> -YJZMUM*(A1( I,JM1)*UORM1+A2(I,JM1)*VORM1~)/YJMl
> DRDUM*A4(I, JMI)*T( I,JMl)

1 36



FILE: NPROG11 FOR Al VM/SP CMS 4-8602 (02/02/88) -- THE PENNSYLVANIA STAT

-YJZKM*A4( I, JMl )*DTDUMl/YJMl
A( 4,3)=-~DMIJDVM* (0. *Al (I, JMl )*U2M1+A2 (I, JMl ) *UVMI~

10. 5*A3 (IJM1) *V2Ml)
-YJZMUMv*(A2(I,M1)*UORMI+A3(I,JMI)*VORM1)/YJM1

> -DKDVM,*A4(I,JMl)*T(I,,JM1)

-YJZKM*A4( I, JM1 )*DTDIMl '/YJMl
A4, 4)=-DMUDEM* (0. 5Al( I, JM1)*U2Ml+A2 (I, JMl)4'IVMl

+0. 5*A3 (I,JMl )*V2Ml)
-DKDEM*A4(I,JM1)*T(I,JMl)
-YJZKM*A4( I, JM1 )*DTDEM1/YJMl

END IF
C(l, l)=0.
C( 1,2 )=0.
C( 1,3 )=0.
C( 1, 4)=.

C(2, +YJMUP*(A1(I,J)*UORP1+A2(I,J)*V I)/JP1)

> +~YJZMUP*(A(I ,J ) *ORP1YJP1 )VOP1/Yp

C(2, YJZ-MUP*(A(IJ) *ORP1/JP1)A(,)*(,P

> YJZMUP*A3(I,J)*VRP1 A2I,)UOP1/YP

C(232)=-DMUDVP* (A3( I, J) *(I,JP1) +A2 (I, J)*VI,JP1)
-YJZMUP*A2 (I, J) *ORP1/YJP1

0(3,3 )=-DMUDVP* (A3 (I, J)*V( I, JP1) +A2 (I,J)UI, JPl))
> +~YJZMUP*(A3 (I,J)*ORP1YJ IJ)UOP1/lP

4(, 1) -DMIJDRP*(A(0. 51( I, J P1)+A2 (I, J)*(,P)
-YJMU+0. 5,*OR(IJ )*P1)

C(3,+Y.ZMDP*(A(I,J)*U2ORJP1)+A2(I,J)*UVORJP1)
-YJMUPA3( I,J)*ORYP1YP

C(34)=DMDP*A(,J)*(I,JP1)A2IJ*(,P)

0(4,2)=-DMUDU)P* (0. 5*A1 (I, J) *U2Pl±A2 (I, J) *UV1
>+0. 5*A3 (I, J) *V2Pl)

>YZMP+A3(I,J)*VUORP1A2(IJ) 0R1/YP
'>-DKDUP*A4( I, J)*T( I, JP1)
> -YJZKP*A4( IJ) *DTDUP1/YJP1

C(4,23)=-DMUDVP*(0. 5*A1 (I, J)*U2P1+A2( I, J)*1JVP)
+0.5*A3( I,J)*V2P1)

-YJZMUP*(A2(I,.J)*UORP1+A3( I,J)*VORP1)/YJP1
-DKDVP*A4( I, J)*T(I, JP1)
-YJZKP*A4( I,J)*DTDVUP1/YJP1

C(4,34)=-DMUDEP*(0.5*A1(l,J)*U2Pl+A2(I,J)*JVP1
+0. 5"A3( I, J)*V2P1)

.-DKDEP*A4(I,J)*T(T,,JP1)
-YJZKP*A4(I ,J)*DTDVP1/YJP1

B( 1,2 )=0.

B( 1,3 )=0.
B( 1, 4)=0.
B(2, 1)=(DMUDRP*A1( I, J) DMUDRM*A1(TI, IMi) )*U(I, J)

+ (DMUDRP*A2 (I,J) fDMTJDRM*A2 (I, JM1) )*V( I, J)
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> ( Y,",U~t 1 1 ,) 4 YJ ZMTJM*Al ( I, JM1 )) *UOR/YJ
-(11Zn ;FA:- (1 ,) +Yi?,MTJM*A2 (I1, JM1 )) *VOR/YJ

B 2,2 ( LM j- I I ,3) J) -+ D UM*A2 (I1, JM1 )) *V ( I, J

N + (Y~~ Al (1 .) +YJZMUN*Al ( I, JMl) ) *OR/YJ
B (2, 3)~iNJ~ = I ,J) DNPUDVM*Ai.( I, JM1) ) *U (I, J)

+~ (DMULVt '*ANIJ ) tFMl-DVMA2 (I, JM1) )*V(I, J)
+ ( Y, L7 ylI .1 W ~A (I YJZ7MUM*A2(1,JMl))*0R/YJ

B(2,4)=(DMUDFP47&I(T,J')4Dr4TDEM*Al(I,JMl))*U(I,J)
> +(DMt)-DEP*-lA.,lJ) +DMUDEM*A2( I,JM1) )*V( I,J)
B(3,1)=(DMvUDPPA(I,J)+DWMJDRM*A3(1,JMl))*V(I,J)

N ±+(DMvujvRPA(,J)DMUDRM*A2(I,JM1))*U(I,J)
-(YjZMUP*A 3( I,f)4YJZYIUM*A3(I,JMl) )*VOR/YJ

> -I(YJZMUP*A> I (,,J)+YJZMU,-M*A2(I,JMJ ))*UOR/YJ
B( 3,2 )=(DMUDU'LP* A3 (I, 3) +DMJDUM*A3 (I, JM1) )*V( I, J)

+ (DMUD TrP-, 2(i,)DMUDUM*A2(I,JMl))*U(I,J)
> ~+(YJZM-,A2'( I,J7)AYJTZMUM*A2(I,JM1) )*OR/YJ

B(3,3)=(!Y UFK7I)A3(,J)DMDVM*A3(I,JM1))*V(I,J)
> ~+ (DMTT)lU7DV*A2 II , -/-J)M4TDDVM*A2(I,JMI))*U(I,J)
> ~+(YJZM(IJ-1kA3(I,3-)*YJZMUM*A3(I,JM1))*OR/YJ
B( 3, 4)= (DNUDEP*A3 I, 3T,,) DMUDEM*A3 (I, JM1) )*V( I,J)
> ~4(DMUDEP; A2(I,&flIDMUDEM*A2(I,JM1))*U(I,J)
B4, l)=O 5 (DM1JT-)RP,7Al(T, 3) DMUDRM*Al( I, JM1) )*U2

+ +(DNUJDRP*A!2( i TJ) DMlUDRM*A2 (I, JMl) )*UV
+0. 5 ( DMUTDRP-*A3 ( I, ) ±DMIJDRM*A3 (I, JM1) )*V2

N-(YJ)-ZMTJP*Al(T,d)+YJZMUM*A(I,JM1) )*U2OR/YJ
> 20, ( YjZMUP"-A2-( I,3) ±YJZMUM*A2 (I, JM1) )*UVOR/YJ
> -~(YJizNUPkA3(I,J)+YJZMUM*A3(I,JMl) )*V2OR/YJ

> +-(YJZVlP+A4( T,J)+YJZIKM*A4(I,JM1) )*DTDR/YJ
B(4,2)=0.5(DMJL)UP*Al(I,J)DMUDUM*A(I,JM1))*U2
> +(D)MUDJPA2(,J)+DMU IDUM*A2(I,JM1))*JV
> ~0. 5'( DMI " .?;7Y A,3 ,j)+DMUDUMV*A3(I,JM1))*V2

+(-fij*-(I,J)+kzMUM*Al( I ,JM1))*IT'R/YJ
> +±(YJl ZMr-JP'-.2( r,J)+YJZ7MUM*A2(I,JMl) )*VOR/YJ
> -DIKDUJP*A4 I, 3) ±DIKDUM*A4( I,JMl) ) T( I,J)
> ~+(YJZKP*A4( r,.J)+YJ2KN4M'A4(I,JMl) )*DTDU/YJ

B(4,3)=0.5*(DNIUDVI*Al.(I,JT)+DMUDVM*A1(I,JMl))*U2
> 4-(DMIJDVP*A2( T,,J)+DMUDVM*A2(I,JM1) )*UV
>+0 . 5, (DI"TJDP-A3 ( T, ) DMUDIVI4*A3 (I, JM1) ) V2

+(YJ,-ZMUPkA2(1,,J)+YjZMUM*A2(I,JM1))*UOR/YJ
+(YJZMIJP*,,A3( I,,T)+YJ-ZMUM*A3(I,JM1) )*VOR/YJ

> +(IKDVIP*A4( T ,J)4.Di\DVM*A4(1,JMl))*T(I,J)
>~ (YTZ1P*A4(I,J)+YJZKM*A4(I,JM1) )*DTDV/YJ

B4, 4)=0 5*(DMIJDEP*Ai( I, J)+DMUDEM*A1( I, JM1) )*U2
> +(DMIJDEP*A2(1,J)+DMUDEM*A2(1,JM1))*UV
-1 +0.5-(DMJDEP*A3(I,J) -DrUDEM*A3(I,JMl))*V2
> +(DKDEP*A4I(T,J)+DKDEM*A4(I,JM1) )*T(I,J)

+(YJ7VP'T*A4(I,J)+Y,.ZKM*A4(I,JM1))*DTDE/YJ

* COMPUTE -D' --Dil' '/DQ
* ANT) ADD TO PREVIOUJS RESIJTTS

IF(JM1.EQ.1) TfiEN

CALL SZEPo(4,A)
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ELSE
A(2,1)=A(2,1)-EXJ*(V(T,JMl)*DMUDRMl-ZMuJ(JMl)*VORMl)/YJM1
A(2,2)=A(2,2)-EXJ*V(I,,jMl)*DMUTDUM1/YJMl
A(2,3)=A(2,3)-FXJ*(V(I,,JMI)*D)MUDVM1±ZMU( JMl)*ORMl)/YJMl
A(2,4)=A(2,4)-EXJ*V(I,JMl)*DMUDEMl/YJMl
A(3,.1)=A(3,l)+EXJ*DMUDR/YJ*U(I,JMl)

N -EXJ*ZMU( J) *UORMl/YJMl
> +EYJ*VOR/YJ*ZMU(JMl)
> -EYJ*V( IJ)*DMUJDRMl/YJMl

A( 3.2 )A( 3,2) +EXJ*DMUDU/YJ*U( I, JM1)
> +EXJ*ZMU( J)*ORMl/YJMl
> -EYJ*V( I ,J) *DMUDUM1//YJM1

A( 3,3 )=A( 3,3) ±EXJ*DMUDV/YJ*U( I, JMl)
> -EYJ*OR/YJ*ZMU( J~l)
N ~ ~ -EYJ*kV( I,J) *DMUDVMl/YJMl

A( 3,4) =A( 3,4) +EXJ*DMUDE/YJ*U( I,JMl)
> -EYJ*V (IJ) *DMTJDEMl/YJMl

A(4,1)=A(4,l)-EXJ*(DMUDRM1-2.0*ZNTU(JM1)*ORM1)*UVMI/YJM1
> -EYJ*(DMUDRMl-2.O*ZMU(JM1)*ORM)*V2Ml/YJMl

A(4,2)=A(4,2)-EXJ*(DMUDUM*UVv1+ZMTJ(JM1)*VORMl),/YJMl
> -EYJ* (DMUDUMl*V2Ml )/YJMl

A(4,3)=A(4,3)-EXJ*(1JMUDVM1*TJVMI+ZMU(JM1)*UORMI)/YJMl
> -EYJ*(DMUDVMl*V2Ml+2 .O*ZMU(JMl)*VORMl)/YJM1

A(4,4)=A(4,4)-EXJ*DMUDEM1*UVMl/YJMl
> -EYJ*DMUDEMl*V2Ml/YJMl

END IF
C(2, 1 )7C(2, l)+EXJ* (V( I, JPl)*DMUDIRPl..ZMU(JPl )*VORPl)/YJPl
C(2,2)-zC(2,2)+EXJ*V(I,JP1)*DMUDUPl/YJPl
C(2,3)--C(2,3)±EXJ*(V(I,JPl)*DMUDVPl+ZMU(JPl)*ORP1)/YJPl
C(2,4)=-C(2,4)+EXJ*V(I,JPl)*DMUDEPl/YJP1
C(3,l)=C(3,1)-EXJ*DMUDR/YJ*U(I,JPl)

> +EXJ*ZMU( J) *UORPl/YJPl
> -EYJ*VOR/YJ*ZMU( JPl)
> +EYJ*V( I, J)*DMUDRPl/YJPl

C( 3,2 ):C( 3,2) -EXJ*DMUDU/YJ*U( I, JPl)
> -EXJ*ZMU( J) *ORPl/YJPl
>+EYJ*V( I, J)*DMUJ1UPl/YJPl

C(3,3)7-C(3,3)-EXJ*DMUDV/YJ*U(I,JP1)
> +EYJ*OR/YJ*ZrJ( JPl)
> +EYJ*V( I, J)*DMUDVP1/YJPl

C(3,4)=zC(3,4)-EXJ*DMUDE/YJ*U(I,JP1)
+EYJ*V( I, J)*DMTJDEPl/YJPl

C(4, 1 )C(4, 1)+EXJ* (DMUDRPl-2.O*ZMU(JPl)*ORPl)*UVPl/YJPl
> +EYJ*(DMUDRPl-2.O*ZMU(JPl )*ORPl )*V2Pl/YJPl

C(4, 2 )=C(4, 2)+EXJ* (DMUDUPi.*UVP1+ZMU(JPl )*VORPl)/YJPl
> +EYJ*DMUDUPl*V2P1/YJPl

C(4,3)=C(4,3)+EXJ*(DMUDVPl*UVPI+ZMU(JPl)*UORPI)/YJPl
>+EYJ* (DMUDVP1*V2Pl+2 O'*ZMU( JP ) *VORP1 )/YJPI

C(4, 4)=C(4, 4)+EXJ*DMUDEP1*UVPl/YJP1
> +EYJ*DMUDEPl*V2Pl/YJPl

RETURN
END
SUBROUTINE EIGMTX
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* SUBROUTINE FOR EIGENVECTOR MATRIX CALCULATION

PARAMETER (I Z=60, JZ=40)
COMMON /VECTOR/ DQ(IZ,JZ,4),Q(IZ,JZ,4),F(IZ,JZ,4),
> G( IZ,JZ,4), P(IZ,JZ),T(IZ,JZ),E(IZ,JZ),AMW(IZ,JZ),
N U(IZ,JZ),V( IZ,JZ),UN(IZ,JZ),VN(IZ,JZ),
>ZMU(JZ) ,ZMUT(JZ),/ZK(JZ)

COMMON /COORD/ SATX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),
>ETAY( IZ,JZ) ,RJ( IZ,JZ) ,X(IZ,JZ),Y(IZ,JZ),
> DELTAU( IZ,JZ) ,Al(IZ,JZ),A2(IZ,JZ) ,A3(IZ,JZ),
> A4(IZ,JZ)

COMMON 1'CONS/ EXI,EYI,THETA,CFL,CFL1,OMEGAX,OMEGAY,AIN,AEX,
RL,RG,AMWO,GAMMAO,REN,PRN,PRNT,TREF,ZMUO,OMEGA,

>P0, TO ,TWALL,,PB, SUM (4)
COMMON /INTEG/ IL,JL,IL1,JL1,NBEG,NEND,NADV,NORD,ITIME,
> IVISC, IWALL, IWRT

DIMENSION RHO( IZ, JZ) ,RHOU( IZ, JZ) ,RHOV( IZ, JZ) ,EO( IZ, JZ)
EQUIVALENCE (Q(l,l,l),RHO(l,l)), (Q(l,l,2),RHOU(l,l)),

>(Q(l, 1,3) ,RHOV(l, 1)), (Q(l, 1,4) ,EO(l, 1))
DIMENSION A(4,4)

ENTRY TMPM(IA,IMID,A,I,J)

* CALCULATION OF T *P MATRIX

IF* ~ MDO-X ARX ACLTDI ON IJ

* IF IA=l IMID=O - XIA MATRIX CALCULATED IN POINT (I,J)
* IF IA~l IMID~l - ETA MATRIX CALCULATED IN POINT (I1,J
* IF IA=2 IMID~l - XIA MATRIX CALCULATED IN POINT (I,+1/2)

IF( (IA.EQ. 1.AND. IMID.EQ.O) .OR.
" (IA.EQ.1.AND. IMID.EQ.1.AND.I.EQ.IL)) THEN

CX=SAIX( I, J)
CY=SAIY( I,J)
QRHO=RHO( I, J)
QU=U( I,J)
QV=V( I,J)
QEO=EO (I ,J)
QP=P (I ,J)
QCN-JN ( I, J)
QE=E (I ,J)
QT=T( I,J)
QAMW=AMW( I,J)

END IF
IF( (IA. EQ.2.AND.IMID. EQ. 0).OR.

" (IA.EQ.2.AND.IMID.EQ.1.AND.J.EQ.JL)) THEN
CX=ETAX( I,J)
CY=ETAY( I,J)
QRHO=RHO( I,J)
QU=U( I ,J)
QV=V ( I , j)
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QEO=E0( I,J)
QP=P( I,J)
QCN=VN( 1,J)
QE=E(I, J)
QT=T( I,J)
QAMW=AMW( I,J)

END IF
IF(IA.EQ. l.AND. IMID.EQ. l.AND. I.NE. IL) THEN
CALL AVERAGE( IA, IROE,CX,CY,QRHO,QU,QV,QEO,QP,QCN,
> QE,QT,QAMW, I,J)

END IF
IF(IA.EQ.2.AND. IMID.EQ.1.AND.J.NE.JL) THEN
CALL, AVERAGE( IA, IROE,CX,CY,QRHOQU,QV,QEO,QP,QCN,
> QE,QT,QAMW, I,J)

END IF
SQ2=SQRT(2 .0)
C=SQRT(FCO2 (QP,QRHO,QT, QE,QAMW))
AR=FAR(QP, QRHO, QT, QE, QAMW)
AE=FAE(QP,QRHO, QT,QE, QAMW)
AER=AE/QRH0
DPDR=AR+AER* (-QEO/QRHO+ (QU**2+QV**2))
DPDU=-AER*QU
DPDV=-AER*QV
DPDE=AER
Cl=CX/SQRT(CX**2+CY**2)
C2=CY/SQRT(CX**2+CY**2)
A1,.1) =1. DPDR/C* *2

A( 1,2 )=DPDU/C**2
A( 1,3 )=-DPDV/C**2
A( 1, 4)=-DPDE/C**2
A(2, 1)=-(C2*QU-C1*QV)/QRH0
A(2, 2)=C2/QRHO
A(2, 3 )-C1/QRHO
A(2, 4)=0.
A(3, 1)=(-(C1*QU+C2*QV)+DPDR/C)/SQ2/QRH0
A( 3,2 )(C1+DPDU/C)/SQ2/QRHO
-A(3 ,3 )(C2+DPDV/C)/SQ2/QRHO
A (3,4) =DPDE/C/SQ2/QRHO
A(4, 1)=( (C1*QU+C2*QV)+DPDR/C)/SQ2/QRHO
A(4, 2 )(-C1 DPDU/C)/SQ2/QRHO
A( 4,3 )=(-C2+DPDV/C)/SQ2/QRHO
A (4,4) =DPDE/C,'SQ2/QRHO
RETURN

ENTRY PPTP(IA,IMID,A,I,J)

* CALCULATION OF P*T MATRIX

* IF IA1l IMID=O - XI MATRIX CALCULATED IN POINT (I,J)
* IF IA=2 IMID=0 - ETA MATRIX CALCULATED IN POINT (I,J)
*IF IA1l IMID1l - XI MATRIX CALCULATED IN POINT (I+1/2,J)
* IF IA=2 IMID1l - ETA MATRIX CALCULATED IN POINT (I,J+1/2)
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IF( (IA.EQ. 1.AND. IMID.EQ.0) .OR.
>(IA.EQ. l.AND. IMID.EQ. l.AND. I.EQ. IL)) THEN
CX=SAIX( I,J)
CY=SAIY( I,J)
QRHO=RHO( I, J)
QU=U( I,J)
QV=V( I,J)
QEO=EO( I,J)
QP=P (I ,J)
QCN=UN( I,J)
QE=E( I,J)
QT=T( I,J)
QAMW=AMW( I, J)

END IF
IF( (IA.EQ.2 .AND. IMID.EQ.0) .OR.

> (IA.EQ.2.AND. IMID.EQ.1.AND.J.EQ.JL)) THEN
CX=ETAX( I,J)
CY=ETAY( I,J)
QRHO=RHO( I,J)
QU=U( I,J)
QV=V( I,J)
QEO=EO( I, J)
QP=P( I,J)
QCN=VN( I,J)
QE=E( I, J)
QT=T(I, J)
QAMW=AMW( I,J)

END IF
IF(IA.EQ.1.AND.IMID.EQ.1.AND.I.NE.IL) THEN
CALL AVERAGE( IA, IROE,CX,CY,QRHO,QU,QV,QEO,QP,QCN,
> QE,QT,QAMW, I,J)

END IF
IF(IA.EQ.2.AND. IMID.EQ.1.AND.J.NE.JL) THEN
CALL AVERAGE(IA,IROE,CX,CY,QRHO,QU,QV,QEO,QP,QCN,
> QE,QT,QAMW, I,J)

END IF
SQ2=l ./SQRT(2 .0)
C=SQRT(FCO2 (QP,QRHO,QT,QE,QAMW))
AR=FAR(QP,QRHO,QT,QE,QAMW)
AE=FAE(QP,QRHO,QT,QE,QAMW)
AER=AE/QRHO
DPDR=AR+AER* (-QEO/QRHO+ (QU**2+QV**2))
DPDU=-AER*QU
DPDV=-AER*QV
DPDE=AER
CXCY=l ./SQRT(CX**2+CY**2)
Cl=CX*CXCY
C2=CY*CXCY
A( 1, l)=l.
A( 1,2 )0.
A(1., 3)=QRHO*SQ2/C
A( 1, 4)=A( 1,3)
A(2, 1)=QU
A(2.2 )=QRHO*C2
A( 2,3 )=SQ2*QRHO* (QU/C+C1)
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A( 2, 4)5Q2*QRHO* (QU/C-Cl)
A(3, l)=QV
A( 3,2 )=-QRHO*Cl
A( 3,3 )=SQ2*QRHO* (QV/C+C2)
A( 3, 4)SQ2*QRHO* (QV/C-C2)
A (4, 1) =QE0/QRHO-QRHO*AR/AE
A(4, 2)=QRHO*(QU*C2-QV*Cl)
TEMP l=SQ2 *QRHO* *2 *C/AE
TEMP2=SQ2*QRHO* (QU*Cl+QV*C2)
A(4,3)=A(4, l)*QRHO*SQ2/C+TEMPl+TEMP2
A(4,4)=A(4,1)*QRH0*SQ2/C+TEMPl-TEMP2
RETURN
END
SUBROUTINE FLXCL

* SUBROUTINE FOR FLUX VECTOR CALCULATION

PARAMETER (IZ=60, JZ=40)
COMMON /VECTOR/ DQ( IZ, JZ, 4), Q( IZ, JZ, 4), F( IZ, JZ, 4),
> G(IZ,JZ,4), P(IZ,JZ) ,T(IZ,JZ) ,E(IZ,JZ) ,AMW(IZ,JZ),
> U(IZ,JZ),V(IZ,JZ) ,UN(IZ,JZ),VN(IZ,JZ),
> ZMU(JZ),ZMUT(JZ),ZK(JZ)

COMMON /COORD/ SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),
>' ETAY( IZ,JZ),RJ(IZ,JZ),X(IZ,JZ),Y(IZ,JZ),
> DELTAU(IZ,JZ) ,Al(IZ,JZ) ,A2(IZ,JZ) ,A3(IZ,JZ),
> A4(IZ,JZ)

COMMON /CONS/ EXI ,EYI ,THETA,CFL,CFL1,OMEGAX,OMEGAY,AIN,AEX,
> RL,RG,AMWO,GAMMAO,REN,PRN,PRNT,TREF,ZMUO,OMEGA,
>P0, TOITWALL, PB, SUM( 4)

COMMON /INTEG/ IL,JL,IL1,JL1,NBEG,NEND,NADV,NORD,ITIME,
> IVISC, IWALL, IWRT

DIMENSION RHO(IZ,JZ) ,RHOU(IZ,JZ),RHOV(IZ,JZ),EO(IZ,JZ)
EQUIVALENCE (Q(l,l,l),RHO(l,l)), (Q(l,l,2),RHOU(l,l)),

>(Q(l, 1,3) ,RHiOV(1, 1) ),(Q(l, 1,4) ,EO(l, 1))
DIMENSION A(4,4)

ENTRY FLXE(II)

* COMPUTE CONVECTIVE FLUX VECTOR E

DO 10 J=l,JL
F(I,J, l)=RHO(I,J)*UN(I,J)/RJ(I,J)*Y( I,J)
F(I,J,2)=(RHOU(I,J)*UN(I,J)+SAIX(I,J)*P(I,J))/RJ(I,J)*Y(I,J)
F(I,J,3)=(RHOV(I,J)*UN(I,J)+SAIY(I,J)*P(I,J))/RJ(I,J)*Y(I,J)
F( I,J,4)=(EO(I..J)+P(I,J) )*UN(I,J)/RJ(I,J)*Y(I,J)

10 CONTINUE
RETURN

ENTRY FLXF(II)
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* COMPUTE CONVECTIVE FLUX VECTOR F

DO 20 J=l,JL
G(I,J, 1)=RHO(I,J)*VN(I,J)/RJ(I,J)*Y(I,J)
G(I,J,2)=(RHOU(I,J)*VN(I,J)+ETAX(I,J)*P(I,J))/RJ(I,J)*Y(I,J)
G(I,J,3)=(RHOV(I,J)*VN(I,J)+ETAY(I,J)*P(I,J))/RJ(I,J)*Y(I,J)
G(I,J,4)=(EO(I,J)+P(I,J) )*VN(I,J)/RJ(I,J)*Y(I,J)

20 CONTINUE
RETURN

ENTRY FLXEP(II, IMID)

* E FLUX VECTOR (IMID=O)

* DE =A (I41/2,J)*(Q(I+1,J)-Q(I,J)) (IMID=l)

DO 30 K=1,4L

F(I, J, K)0.
DO 31 JJ=l,4
FI,JK)=F(I,JK) +A(K, JJ)*Q( I,JC, JJ)/RJ( I, J)*Y( I, i)

31 CONTINUE
30 CONTINUE

END IF
IF( IMID.EQ. 1.AND. I.NE. IL) THEN
DO 35 J=1,JL
CALL JCBABPM(1,1,1,A, T,J)
DO 36 K=1,4
F( I,C, K)0O.
DO 36 JJ=1,4
YM=O. 5* (Y( I, J)+Y( 1+1,JC) )
RJM=0.5* (RJ( I,J) +RJ( 1+1,JC) )
F( I,J,K)=F(I,J,K)+A(K,JJ)*(Q(I+1,J,JJ)-Q(I,J,JJ) )/RJM*YM

36 CONTINUE
35 CONTINUE

END IF
IF(IMID.EQ. 1.AND. I.EQ. IL) THEN
DO 37 J=1,JL
CALL JCBABPM(1,1,0,A,I,J)
DO 38 K=1,4
F(I,J,K)=0.
DO 38 JJ=1,4
YM=Y( I,JC)
RJM=RJ( T,J)
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38 CONTINUE
37 CONTINUE

END i r
RETURN

ENTRY FLXEM(II, IMID)

* E FLUX VECTOR (IMID=O)

* DE =A (I+1/2,J)*(9(I+l,J)-Q(I,J)) (IMID=l)

IF(IMID.EQ.O) THEN
DO 40 J=1,JL
CALL JCBABPM(1,2,O,A, I,J)
DO 41 K=1,4
G(I, J,K)=O.
DO 41 JJ=l,4
G(1,3, K)=G( I,3, K)+A(K, JJ) *Q(1,3, JJ)/RJ(1,J) *Y( I, 3)

41 CONTINUE
40 CONTINUE

END IF
IF(IMID.EQ. 1.AND. I.NE. IL) THEN
DO 45 J=1,JL
CALL JCBABPM(1,2,1,A, 1,3)
DO 46 K=1,4
G(1,J, K)=0.
DO 46 JJ=1,4

RjM=0. 5* (RJ( I,3) +RJ( 1+1, ) )
GI,3, K)=G( I,3, K)+A(K,33) *(Q( 11, J, JJ)-Q( I, 3,33) )/RJM*YM

46 CONTINUE
45 CONTINUE

END IF
IF(IMID.EQ. 1.AND. I.EQ. IL) THEN
DO 47 J=1,JL
CALL JCBABPM(1,2,O,A, 1,3)
DO 48 K=1,4

DO 48 JJ=l,4
YM=Y( 1,3)
RJM=RJ( 1,3)

48 CONTINUE
47 CONTINUE

END IF
RETURN

ENTRY FLXFP(II, IMID)
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* F FLUX VECTOR (IMID=0)

* 4- +

* DF =B (I,J+1/2)*(Q(,J+l)-Q(I,J)) (IMID=1)

IF(IMID.EQ.O) THEN
DO 50 J1I,JL
CALL JCBABPM(2, l,0,A, I,J)
DO 51 K=1,4
F(I, J, K)0.
DO 51 JJl1,4
F(I,J,K)=F(I,J,K)+A(K,JJ)*Q(I,J,JJ)/RJ(I,J)*Y( I,J)

51 CONTINUE
50 CONTINUE

END IF
IF( IMID.EQ. 1.AND.J.NE.JL) THEN
DO 55 J=1,JLl
CALL JCBABPM(2,1,1,A,I,J)
DO 56 K=1,4
F(I, J, K)0.
DO 56 JJ=1,4
YM=O.5* (Y( I, J)+Y( I, J+1))
RJMO0.5* (RJ( I,J) +RJ(I, J+1))

56 ONINUE='IJK)AKJ)((IJ1J)QI,,J)RM
55 CONTINUE

END IF
!F(IMID.EQ.1.AND.J.EQ.JL) THEN
CALL JCBABPM(2,1,O,A,I,J)
DO 58 K=1,4
F( I, J,K)0O.
DO 58 JJ=l,4
YM=Y( I,J)
RJM=RJ( I,J)

58 CONTINUE
END IF
RETURN

ENTRY FLXFM(II, IMID)

* F FLUX VECTOR (IMID=O)

* DF =B(IJ/)*(IJlQ(,)

IF(IMID.EQ.O) THEN
DO 60 J=1,JL
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CALL JCBABPM(2,2,O,A, I,J)
DO 61 K:-1,4

Do (-I JJ-1,4

61 CONT INUE
60 CONT I NU

END IF
IF(IMID.EQ.1.AND.J.NE.J.) THEN
DO 65 J=1,JLI
CALL JCBABPM(2,2, 1,A, I,J)
DO 66 K=1,4
C (I,3, K)=O
DO 66 JJ=1,4

RJM=0.5* (RJ( I,3) +RJ( I, 3+1) )
C;(I1, i, - I-C( 3~ :,K)A(K,JJ)*(Q(I,J+1,Jj)-Q(I,J,JJ) )/RJM*YM

66 CONTINUE
65 CONTINUE

END IF
TF(IMID.EQ. 1.AND.J.EQ.JL) THEN
CALL JCBABPM(2,2,O,A, I,J)
DO 68 K=1,4

DO 68 Jj=1,4
YM=Y( I, )
RJM=RJ( I,J)

68 CONTINUE
END IF
RETUR N

ENTRY FLXSVS(II)

* VISCOUS FLUX VECTOR, (DSVS'/DETA)+H''

* VISCOUS FLUX VECTOR DSVS'/DETA

DO 70 J=2..JLl

JM =J-1
YJP=0.5* (Y( I, J)/RJ( I, 3) Y( I,JP1)/RJ( I,JPl))
YJM-O 5* (Y( I, J)/RJ( I,3) -Y( I, JM1)/RJ( I,JMl))
ZMUP=0.5*(ZMU(J)+ZMU(JPl))
ZMUM=O.5*(ZMU(J)4-ZMU(JMl))
ZKP=0.5*(ZK(J)+ZK(JPl))
ZKM=0. 5*(ZK(J)+ZK(JMl))
DUP=U( I,JPl)-U( 1,3)
DUM=J( I,3) -U( I,JM1)
DVP=V( I,JPl )-V(I, 3)
DVM=V(I, J)-V( I, JM1)
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DU2P=U( I,JP ) **2.U( I, J )**2
DU2M=U( IJ)**2.U( I, JM1)**2
DV2P=V( I, JPl)**2-V( I,J)**2

DTP=( I,JP1)T(I,J1-(,)VIJ

DTM=T(I,JP)-T( I,Jl)

ZMUAlP=ZMUP*A1( I,J)
ZMUAlM=ZMJM*A ( I ,JMI)
ZMUA2P=ZMUP*A2( I,J)
ZMUA2M=ZMUM*A2 (I ,JM1)
ZMUA3P=ZMUP*A3( I,J)
ZMUA3M=ZMUM*A3 (IJM1)
ZKA4P=ZKP*A4 (I,/J)
ZKA4M=ZKM*A4 (I ,JMl)
G( I,J, 1)=O.
G( I,J, 2 )YJP*(ZMJAlP*DUP+ZMUA2P*DVP)
> -YJM* (ZMUAlM*DUM+4ZMUA2M*DVM)

G( I, J, 3)=YJp*(ZMJA3P*DVP+ZMUA2P*DUP)
> -YJM* (ZMUA3M*DVP+ZMUA2M*DUM)

G( I,J,4)=YJpr*(O.5*Z"MUAlP*DU2P+ZMUA2P*DUVP+0.5*ZMUA3P*DV2P
> +ZKA4P*DTP)

> -YJM* (0. 5*ZM TAlM*DU2M+ZMTA2M*DUM+05*ZMTJA3M*DV2M
> +ZKA4M*DTM)

* INSERT THE EXTRA FIRST ORDER TERMS IN CYLINDRICAL
* COORDINATE SYSTEMS, VECTOR H''

* H(1)=O.

*1 2
* H(2)=-*(--*ETA *D(MU*V)/DETA

1 3 X

1 12 2
*H(3)=-*(-*ETA *KU*DU/DETA --*V*ETA *DMU/DETA)
*J 3 X 3 Y

*1 2 2
* H(4)=-*(--*ETA *D(MTJ*U-V)/DETA --*ETA *D(MIJ*V*V)/DETA)

1 3 X 3 Y

EXJ=1 ./3.*ETAJ(I, J)/RJ( I,J)
EYJ=1../3.*ETAY(I,J)/RJ(I,J)
GI, J,2 )=G( I, J,2)-EXJ*(ZMU(JPl)*V( I, JP1)-ZMU(JM1)*V( I,JMI))

> -EYJ*V(I,J)*(ZMvU(JP1)-ZMU(JMl))

.> -EYJ*(ZM4U(JPl)*V( I,JPI)**2
> -ZMU(JMl)*V( I,JM1)**2)

70 CONTINUE
RETURN
END
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SUBROUTINE RHSCL

* RIGHT HAND SIDE CALCULATION

PARAMETER (IZ=60,JZ=4O)
COMMON /VECTOR/ DQ(IZ,,TZ,4),Q(IZ,.JZ,4),F(IZ,JZ,4),
> G(IZ,JZ,4), P(IZ,-JZ) ,T(IZ,JZ),E(IZ,JZ) ,AMW(IZ,JZ),
> U(I-Z,JZ),V(IZ,JZ) ,UN(IZ..JZ),VN(IZ,.JZ),
> ~ZMU(JZ),ZM4UT(JZ),ZK(JZ)

COMMON /COORD/ SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),
> ETAY(IZ,JZ),RJ( IZ,JZ),X(IZ,JZ),Y(IZ,JZ),

DEL-TAU(IZ,JZ) ,Al(IZ,JZ) ,A2(IZ..JZ) ,A3(IZJZ),
A4(IZ,JZ)

COMMON /CONS/ EXi ,EYI ,THETA, CiL, CFL1,OMEGAX,OMEGAY,AIN,AEX,
RL,RG,AMWO,GAMMAO,REN,PRN,PRNT,TREF, ZMUO,OMEGA,

>P0, TO, TWALL, PB, SUM (4)
COMMON /INTEG/ IL,JL,1L1,JL1,NBEG,NEND,NAD\V,NORD,ITIME,
> IVISC,IWALL,IWRT

DIMENSION RHO(IZ,JZ),RHOU(IZ,JZ),RHOV(IZ,JZ) ,EO(IZ,JZ)
EQUIVALENCE (Q(l,l,l),RHO(l,lfl, (Q(1,l,2),RHOU(l,l)),

(Q(l, 1,3) ,RHOV(l, 1)), (Q(l, 1,4) ,EO(1, 1))

ENTRY RHSEF(II)

* RIGHT HAND SIDE CONVECTIVE EULER TERMS E, F

* NOTE - SEE ALSO ENTRY RHSH FOR SOURCE CONVECTIVE TERM OF H'

DO 10 K=1,4

10 CONTINUE

* COMPUTE E(I-1,J), E(I+1,J), F(I,J-1), F('I,J+1) -1ST ORDER

CALL FLXE(I-1)
IF(I.NE.IL) THEN
CALL FLXE(I4-1)

ELSE
CALL FLXE(I)
CALL FLXE(I-2)

END IF
CALL FLXF(I)
DO 20 J=2,JL
DO 20 K=1,4
IF(J.NE.JL) THEN

IF(I.NE.IL) THEN

+0.5* (G(I, J+ , K) -G( I,J-1, K))
ELSE
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DQ(I, J, K)DQ( I, J,K) +(F( I, J,K)-F( I-i, J,K)
+0. 5* (G( I, J+l,K)-G( I, J-l,K))

±0. 5*(F( I, , K) -2.O*F( I-i, J,K)4 F( 1-2, J, K)
END IF

ELSE
IF(I.NE.IL) THEN
DQ( I, J, K)DQ( I,3, K) +0. 5* (F( 1+1, , K)-F( I-1, 3,K))

(GI,3, K)-G( I, 3-1, K))
>-0. 5* (G( I,3, K) -2.0*G( I, J-,K).G( I, -2, K))
EL SE

DQ( I, J, K)DQ( I,3, K) +( F( I,3,K)-F( I-i, 3,K))
±(G( I,J,K)-G(I,J-l,K))

±0. 5*(F( I,3, K)-2.0*'( I-1, 3,K)+F( 1-2, 3,K) )
EN IF5 ( ( , , ) - . * ( , - ,K + ( , - , )

END IF

20 CONTINUE

* COMPUTE D/E(I-1/2,J)/, D/E(I+l/2,J)/ - 1ST ORDER

CALL FLXEP(I-l,l)
CALL FLXEM(I-1,l)
CALL FLXEP(I,l)
CALL FLXEM(I,l)
DO 30 J=2,JL
DO 30 K=1,4
IF(I.NE.IL) THEN

>+0.5* (G( I,J,K)-G(I-I, j,K))
ELSE

DQ( I, J, K)=DQ( I, 3,K)- (F( I,3, K)-F( I-i, 3,K))
> +(G( I,J,K)-G(I-1,J,K))

END IF
30 CONT INUE

* COMPUTE D/F(I,J-1/2)/, D/F(I,J+1/2)/ - 1ST ORDER

* -LF X P ,I

CALL FLXFP(I,1)

DO 35 J=2,JL
DO 35 K=1,4
TF(J.NE.JL) THEN

D)Q( 1, , K)=DQ( I, 3,K)-O. 5* (F( I,3, K)-F( I, 3-1,K))
+0. 5* (G( I,3, K)-G( I, J-1,K))

ELSE
DQ( I,J,K)=DQ( I,J,K)-(F( I,.,K)-F(I,J-1,K))

+(G( I, J,K)-G( I,J-1,K))
END IF'

35 CONTINUE

* COMPUTE DE ,DE -2ND ORDER

IF(I.GT.2.AND. I.LT. IL) THEN
CALLr FLXEP(I-2,1)
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CALL FLXEP(I-l,l)
CALL FLXEM(I,l)
CALL FLXEM(I+1,1)

ELSE
END IF
DO 40 J=2,JL
DO 40 K -l,4
IF(I.EQ.2.OR.I.EQ.IL) GO TO 40
IF(I.NE.IL-l) THEN

>~ -0.5*(G(I+l,J,K)-G(I,J,K))

ELSE

-(G(I1-,J,K)-G(I,J,K))
END IF

40 CONTINUE

* COMPUTE DF ,DF -2ND ORDER

CAL*XPIl

CALL. FLXFP(I,l)

DO 45 J=2,,JL
DO 45 K1~,4
IF(,J.EQ.2.OR.J.EQ.JL) GO TO 45
IF(,J.NE.JL-l) THEN

DQ( I,JK)=DQ( I,JK) +0. 5* (F( I, J-l,K)-F( I, J-2, K))

ELSE
DQ( I,JK)=DQ( I,JK) +0. 5* (F( I, J-l,K)-F( I, J-2, K))

-(G( I,J+l,K)-G(I,J,K))
END IF

45 CONTINUE
RETURN

ENTRY RHSH(II)

* SOURCE VECTOR H'

* H(1)=O.
* H(2)=0.
* H(3)=(P-4./3.*MU*V/Y)/J
* H(4)=O.

DO 50 3=2,JL
IF(IVISC.FO.O) THEN
R2MU'O.

ELSE
R2MY=4./3.*ZMU(J)*V(I,J)/(RJ(I,J)*Y(I,J))

END) IF
DQ( I, T, 3 )=DQ( I, J, 3)-P( I, J)/RJ( I, J) IVISC*R2MY

50 CONTINUE
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RETURN

ENTRY RHSVS(II)

* RiGHT HAND SIDE VISCOUS TERMS

* NOTE - SEE ALSO ENTRY RHSH FOR SOURCE VISCOUS TERMS OF H'

CALLI FLXSVS(I)
DO 90 J=2,JLl
DO 90 K=2,4
DQ( I,J, K)=DQ( I, .J, K) -G( I,J, K)

90 CONTINUE
RETURN
END
SUBROUTINE SMOOTH

* ADD ARTIFICIAL DISSIPATIONAL TERM FOR SAT, ETA -DIRECTION

PARAMETER (I Z=60, JZ=40)
COMMON /VECTOR/ DQ( IZ, JZ, 4), Q( IZ, JZ, 4), F( IZ, JZ, 4),

G( IZ,JZ,4), P( IZ,JZ),T(IZ,JZ) ,E(IZ,JZ) ,AMW(IZ,JZ),
N U(IZ,JZ),V(IZ,JZ),UN(IZ,JZ) ,VN(IZ,JZ),
N ZMU(JZ),ZMUT(JZ),ZK(JZ)

COMMON /COORD/ SAIX(IZJZ),SAIY(IZ,JZ),ETAX(IZ,JZ),
ETAY( IZ, JZ) ,RJ( IZ, JZ) ,X( IZ, JZ) ,Y( IZ, JZ),
DELTAU( IZ,JZ) ,Al(IZ,JZ),A2(IZ,JZ) ,A3(IZ,JZ),

> A4(IZ,JZ)
COMMON /CONS/ EXT ,EYI ,THETA, CFL,CFL1, OMEGAX,OMEGAY,AIN,AEX,

RL,RG,AMWO,GAMMAO,REN,PRN,PRNT,TREF,ZMUO,OMEGA,
P0, TO ,TWALL, PB, SUM( 4)

COMMON /INTEG/ IL,JL,1L1,JL1,NBEG,NEND,NADV,NORD,ITIME,
> IVISC,IWALL,IWRT

DIMENSION RHO(IZ,JZ),RHOU( IZ,JZ),RHOV(IZ,JZ),EO(IZ,JZ)
EQUIVALENCE (Q( 1,1,1), RHO( 1,1)), (Q( 1,1,2), RHOU( 1,1)),

>(Q( 1, 1,3) ,RHOV( 1, 1) ),(Q(1, 1,4) ,EO( 1, 1))
DIMENSION ADD(4)

ENTRY ADDX

* ADD SAT-DIRECTION 4TH ORDER ARTIFICIAL VISCOSITY

COEF=0. 1250*OMEGAX
DO 70 J=1,JL.
DO 70 I=1,IL
DO 70 1=2,IL
IF(I.EQ.1) GO TO 10
IF(f.EQ.2) GO TO 20
IF(I.EQ.IL1) GO TO 30
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IF(I.EQ. IL) GO TO 40
DO 5 K=1l,4

5 ADD(K)=COEF*(Q( I+2.J,K)-4. *Q( I+l,J,K)

> +Q(I-2,J,K))
GO TO 50

10 DO 15 K=1,4
QM=2. *Q(l,J,K).Q(2,JIK)
QMM=2. *QM-Q( 1, J,K)

15 ADD(K)=COEF*(Q( I+2,J,K)-4. *Q( I+l,J,K)
>+6. *Q( I,J, K)-4. *QM+QMM)

GO TO 50
20 DO 25 1l,4

25 ADD(K)=COEF*(Q( I+2,J,K)-4. *Q( I+l,J,K)

+QMM)
GO TO 50

30 DO 35 K=1,4
QPP=2.*Q( 1+1, J, K)-Q( I, J,K)

35 ADD(K)=COEF*(QPP-4.*Q( I+1,J,K)+6.*Q(I,J,K)
> 4.*Q(I.1,J,K)+Q( I-2,J,K)

GO TO 50
40 DO 45 K=1,4

QP=2.*Q( I, J,K)-Q( I-i, J,K)
QPP=2 .*QP-Q(I, J,K)

45 ADD(K)=COEF*(QPP-4.*QP+6. *Q(I,J,K)-.4. *
>Q( I-1, J,K)+Q( 1-2, J, K))

50 CONTINUE
DO 60 K=1,4

60 DQ(I,J,K)=DQ( I,J,K)-ADD(K)/RJ(I,J)*Y( I,J)
70 CONTINUE

RE TURN

ENTRY ADDY

* ADD ETA-DIRECTION 4TH ORDER ARTIFICIAL VISCOSITY

COEF=0. 1250*OMEGAY
DO 170 I=1,IL

* DO 170 I12,IL
DO 170 J-=1,JL
IF(J.EQ.1) GO TO 110
IF(J.EQ.2) GO TO 120

* IF(.J.EQ.JL1) GO TO 130
IF(J.EQ.JL) GO TO 140
DO 105 K=l1,4

105 ADD(K)=COEF*(Q( I,J+2,K)-4.*Q(I,J+1,K)
>+6. *Q( I, J,K)-4. *Q( I, J-1,K)
> +Q(I,J-2,K))

GO TO 150
110 DO 115 K=1,4
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115 ADD(K)=COEF* (Q( I, J+2, K)-4. *Q( I, J+l,K)
>+6. *Q( I, J,K) -4. *QM+QMMq)

GO TO 150
120 DO 125 K=1,4

9MM=2*1, 1, K) -Q(I, 2, K)
125 ADD(K):=COEF*(Q( I,J+2,K)-4. *Q(I,J+l,K)

>+6. *Q( I,J,K)-4. *Q( I,J-1,K)
" +QMM)

GO TO 150
130 DO 135 K=1,4

QPP=2.*Q( I,J+l, K)-Q( I, J,K)
135 ADD(K)=COEF*(QPP-4.*Q( I,J+1,K)+6.*Q(I,J,K)

"-4.*Q( I,J-1,K)+Q(I,J-2,K)

GO TO 150
140 DO 145 K=1,4

QP=2.* I,JK) -Q( I, J-1, K)
QPP=2.*QP.Q( I, J,K)

145 ADD(K)=COEF*(QPP-4.*QP+6.*Q( I,J,K)-4.*
>(I, J-1, K) +Q(I, J-2, K))

150 CONTINUE
DO 160 K=1,4

160 DQ( I,J,K)=DQ(I,J,K)-ADD(K)/RJ(I,J)*Y(I,J)
170 CONTINUE

RETURN
END
SUBROUTINE UGAS3 (E, RHO, ZMU)

INPUTS FOR SUBROUTINE:

E =SPECIFIC INTERNAL ENERGY, IN (M/S)**2
RHO =DENSITY, IN KG/M**3

OUTPUT:

ZMU =DYNAMIC VISCOSITY, IN KG/M/S

DATA RHOO, EQ/i.243, 78408. 4E00/
Z=ALOG1 ( E/EO)
Y=ALOG1 ( RHO/RHOO)
IF (Z.GT.0.67E00) GO TO 10
GAS1=4. 84547E-01+4. 67135E-O1*Z
GAS2=(5. 71205E-O4-1.43629E-03*Z)*Y
GAS3=(2 .55110E00-2 .33472E-04*Y-1 .44102E00*Z)*Z*Z
GAS4=(2. 53416E-04-4. 72375E-04*Z+1.86899E-05*Y) *Y*Y
F=GAS1 +GAS2 +GAS3 +GAS4
GO TO 90

10 IF (Z.GT.1.75E00) GO TO 20
GAS1=-3. 71666E01+6. 67883E01*Z
GAS2=(-2.43998E00+2. 12309E00*Z)*Y
GAS3=(-3.69259E01-3 .08426E-01*Y+7.36486EO0*Z)*Z*Z
GAS4=(-1. 46446E-O1+7. 54423E-02*Z-2 .91464E-03*Y) *Y*Y
GAS5=3.61757EO1-6. 11102E01*Z
GAS6=(2 .4053 1EOO-2 .05914E00*Z)*Y
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GAS7=(3. 239I1E01+2 .79l49E-Ol*Y-5 .07640E00*Z) *Z*Z
GAS8=(1. 37916E-Ol-6. 72O4lE-O2*Z+2 . 6987E-03*Y)*Y*Y
GAS9ZEXP (-3 .433E01- 1. 823E0O*Y+2 .499E01*Z+6. 5O3E-Ol*Z*Y)
GO TO 80

20 IF (Z.GT.2.50E00) GO TO 30
GASl=-l. 65147E02+2. 11028E02*Z
GAS2= (-4. 70948E00+2 .78258E00*Z) *Y
GAS3=(-8.78308EO1-l.2867lE-01*Y+1.27639EO1*Z)*Z*Z
GAS4=(-3. 19867E-l+l . 73l79E-0l*Z+3 .86lO6E-03*Y)*Y*Y
GAS5=2 .30407E02-2 .98055E02*Z
GAS6=(-6. 18307E00+8.44595E00*Z)*Y
GAS7=( 1. 26933E02-2 . 6671EO0*Y-l. 77257E01*Z)*Z*Z
GAS8=(-2.30229E-02+2 .25458E-O2*Z-4.4lO72E-O3*Y)*Y*Y
GAS9=EXP (-6. 882E01+8. 824E00*Y-+3 . 23EO1*Z-5 .359E00*Z*Y)
GO TO 80

30 IF (Z.GT.2.85E00) GO TO 40
GAS l=-7. 09274E03+7. 13648E03*Z
GAS2=(-2.46014E02+l. 65826E02*Z)*Y
GAS3=(-2. 37952E03-2. 75487E01*Y+2 .63465E02*Z)*Z*Z
GAS4=( -3. 49744E0+l . 2864lEOO*Z-3. l37llE-O3*Y) *Y*Y
GAS5=5 .26158E03-4. 96701E03*Z
GAS6=( 2. 03138E02- . 32984E02*Z) *y
GAS7=(l.52424EO3+2.l5081E01*Y-l.50450E02*Z)*Z*Z
GAS8=(3 .32432E00-l. 15997E00*Z+l. l4862E-02*Y)*Y*Y
GAS9=EXP( -3. 594E02-3 .763E01*Y+ . 319E02*Z+ . 348E01*Z*Y)
F=GASl +GAS2 +GAS3+GAS4
GO TO 80

40 IF (Z.GT.3.15E00) GO TO 50
GAS=-l . 27748E03±l.29400E03*Z
GAS2=( -3. 60724E01-2 . 63194E01*Z)*Y
GAS3h( -4. 22958E02-4. 38228E00*Y+4. 50571E01*Z)*Z*Z
GAS4=( -4. 74425E-Ol+2 .89684E-Ol*Z+l. 64048E-02*Y)*Y*Y
F=GAS 1+GAS2 +GAS3 +GAS4
GO TO 90

50 IF (Y.GT.-3.80E00) GO TO 70
IF (Z.GT.3.19E00) GO TO 60
GAS1=4. 559l9E03-4.2lO57EO3*Z
GAS2=( 1. 03001E01-2 .63478E01*Z) *y
GAS3=(1.29069EO3+6.59587E0O*Y-1.3l413EO2*Z)*Z*Z
GAS4=( -8. 28137E0+l . 9827E0O*Z-l. 7287E-Ol*Y) *y*y
F=GASl +GAS2+GAS3 +GAS4
GO TO 90

60 Z=E/EO
GASl=-4. 41792E02+9. 7986E-02*Z
GAS2=( -3. 03148E02+7. 6065E-O3*Z) *y
GA3(551E0-.23E-6Y8818-9Z**
GAS4=(-7.561EOl-4.768l6E-04*Z-6.48859EOO*Y)*Y*Y
GAS5-6. 72387E04+3 .28398E00*Z
GAS6=(3 .55009E04+2 .72616E00*Z)*Y
GAS7=(2.l37l4E-03+3.42377E-04*Y-6.84897E-08*Z)*Z*Z
GAS8=(6.50886EO3+3.8056E-0l*Z+4.14116EO2*Y)*Y*Y
GAS9=EXP(2.978EO1+5.415EO0*Y+l.7l3E-03*Z+3.115E-O4*Y*Z)
F=GASl+GAS2+GAS3+GAS4+(GAS5+GAS6+GAS7+GAS8)/(1.O-GAS9)
GO TO 90

70 GAS1=-6.4O29E03+6.24254EO3*Z
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GAS2=( 1. 03279E024-8. 73181E01*Z)*Y
GAS3=(-2.O2865EO3+1.7l878EOl*Y+2.l9907E02*Z)*Z*Z
GAS4=(-1.22397EOl+3.5783OEOO*Z-1.27953E-0l*Y)*Y*Y
F=GASl ±GAS2 +GAS3 +GAS4
GO TO 90

80 F=GASl+GAS2L+GAS3+GAS4+(GAS5+GAS6+GAS7+GAS8)/(1.0+GAS9)
90 ZMU=l.748583E-05*F

RETURN
END
SUBROUTINE UGAS4(E, RHO, ZK)

INPUTS FOR SUB3ROUJTINE

E =SPECIFIC INTERNAL ENERGY, IN (M/S)**2
RHO =DENSITY, IN KG/M**3

OUTPUT:

ZK =COEFFICIENT OF THERMAL CONDUCTIVITY, IN J/(KELVIN*M*S)

DATA RHOO, EO/'1.243E00, 78408E00/
Z=ALOG1O (E/EO)
Y=ALOG1O (RHO/RHOO)
IF (Z.GT.O.65E00) GO TO 10
GASIl . 8100369E-O1+4. 8126802E00*Z
GAS2=( -2. 7231116E-02+1 .2691337E-01*Z)*Y
GAS3=( -8. 9913034E0-l . 2624085E-0l*Y+8. 9649105E00*Z)*Z*Z
GAS4=( -4. 7198236E-03+9 .2328079E-03*Z-2 .9488327E-04*Y)*Y*Y
F=GAS1+GAS2+GAS34-GAS4
GO TO 200

10 IF (Y.GT.-l.OOEOO) GO TO 130
IF (Y.GT.-3.OOEOO) GO TO '70
IF (Z.GT.l.25E00) GO TO 20
GAS li--i. 05935E04±2 .31470E04*Z
GAS2=( -7. 4'294E02±1.21724E03*Z)*Y
GAS3=(-1.67601E04-4.43184E02*Y+4.06631E03*Z)*Z*Z
GAS4=( 1. 35105E01+4. 94914E00*Z+1 .55386E00*Y)*Y*Y
GAS5= . 06032E04-2 .31560E04*Z
GASG-(7 .46951E02-1 .22465E03*Z)*Y
GAS7=( 1. 67604E04+4. 45919EO2*Y-4.06258E03*Z)*Z*Z
GAS8=( -1. 28615E01-5. 32398EO0*Z-1 .52956E00*Y)*Y*Y
GAS9=zEXP( -4. 219E01-4. 687E00*Y+2 .812E01*Z+3. 125E00*Y*Z)
E=GAS1+GAS24-GAS3+GAS4+(GAS5+GAS6+GAS7+GAS8)/(1.0-GAS9)
GO TO 200

20 IF (Z.GT.1.775E00) GO TO 30
GAS1=3. 793 75E03-7. 40351E03*Z
GAS2=(3 .29698E02-3 .55916E02*Z)*Y
GAS3=( 4.77 122E03 +1. 00241E02 *Y-.00740E03 *Z) *Z*Z
GAS4=( l.97061E01-8.42554EO0*Z+4.80494E-0l*Y)*Y*Y
GAS55-4. 53603E03+9 . 05605E03*Z
GAS6=( -4. 95870E02-6. 33563E02*Z)*Y
GAS7= (-5.953 17E03-2 .05442E02*Y+1.28945E03*Z) *Z*Z
GAS8=(-2.00O87EO1ll1.18851E01*Z-1.71735E-01*Y)*Y*Y
GAS9cEXP(-3.318E01+3.158E-0l*Y+1.863EOl*Z-l.035E00*Y*Z)
GO TO 190
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30 IF (Z.GT.1.93E00) GO TO 40
GAS1=2 .0665 1875E05-3. 165645E05*Z
GAS2=( -3. 07322021E02+4. 57036377E02*Z)*Y
GAS3=(1. 61824937E05- . 555O8453EO2*Y-2 .7603957E04*Z)*Z*Z
GAS4=(1.92260265E00-2.24788094EO0*Z-3.O6226O15E-O1*Y)*Y*Y
GAS5=-2 .06564312E05+3. 18191312E05*Z
GAS6=(2 .17542285E03-2 .46670776E03*Z)*Y
GAS7=(-1.63597062E05+7.l6753l74EO2*Y+2.80926367EO4*Z)*Z*Z
GAS8=(3.39526825EO1-7.3381S645E0O*Z+1.9l214371E00*Y)*Y*Y
GAS9=EXP( -3. 924E02-5. 206EOl*Y+2 . 054E02*Z+2. 679E01*Y*Z)
GO TO 190

40 IF (Z.GT.2.60E00) GO TO 50
GAS 1=7. 1572625E04-9 .247 1625E04*Z
GAS2=( 1. 9646323E03-2 .0280527E03*Z)*Y
GAS3=(3.9446105E04+4.5673853EO2*Y-S.5728672EO3*Z)*Z*Z
GAS4=( -9. 2131958E01+ . 2724541EOl*Z-5 .0568476E00*Y)*Y*Y
GAS5=-3 .2910781iEO4+4.2551211E04*Z
GAS6=( 1.456633 1E03-2 .2653745E03*Z)*Y
GAS7=(-1.9476277EO4+8.4370288E02*Y+3.2389702EO3*Z)*Z*Z
GAS8=( -1. 3324594E02+1 .0591533E02*Z+5 .8639469E00*Y)*Y*Y
GAS9=EXP(4. 917E01+2 .415E01*Y-2.455E01*Z-1. 181E01*Y*Z)
GO TO 190

50 IF (Z.GT.2.69E00) GO TO 60
GAS1=1. 145683EO6-1.237525E06*Z
GAS2=( 1. 4024508E04-9. 3467227E03*Z) *y
GAS3z=(4.4593056EO5+1.533074EO3*Y-5.3608352EO4*Z)*Z*Z
GAS4=(2.8485107E02-1.0968916E02*Z-1.0955791E0O*Y)*Y*Y
GAS5=-1 .752087E06+1 .79675E06*Z
GAS6=(-1 .3278737EO54+9.8215562EO4*Z)*Y
GAS7=( -6. 0791744E05- . 811943E04*Y+6. 7709875E04*Z) *Z*Z
GAS8=(-1.3384084EO3+5.2707324EO2*Z+2.5904894E00*Y)*Y*Y
GAS9=EXP(-1.798E02+7.371E0O*Y+6.731EO1*Z-3.205E0O*Y*Z)
GO TO 190

60 GAS1=-8. 5499625E04+1. 1739656E05*Z
GAS2=( 6. 4563168E04-3 .9551203E04*Z) *y
GAS3=(-4.8170254E04+6.0816055E03*Y+6.2052031EO3*Z)*Z*Z
GAS4=(2.3473167E-01+1.8871567EO1*Z+4.0757723E0O*Y)*Y*Y
GAS5=5 .8546883E04-9 .4634875E04*Z
GAS6=(-6. 6513812E04+4.0899945E04*Z)*Y
GAS7=(4.2127227E04-6.3717305E03*Y-5. 7495195E03*Z)*Z*Z
GAS8=(-1.0260344EOO-5.343277E01*Z-1.1017392E01*Y)*Y*Y
GAS9=EXP(5.411E00+1.162E01*Y-1.082E00*Z-3.391EOO*Y*Z)
F=GAS1+GAS2+GAS3+GAS4+(GAS5+GAS6+GAS7+GAS6)/(1.0-GAS9)
GO TO 200

70 IF (Z.GT.1.29E00) GO TO 80
GASI=-1 .22493E04+2 .4107 1E04*Z
GAS2=(-1. 61829E03+2 .22535E03*Z)*Y
GAS3=(-1.59261EO4-7.53213E02*Y+3.53376EO3*Z)*Z*Z
GAS4=(1.98026E00+5. 18483E00*Z+1.47851E00*Y)*Y*Y
GAS5=1 .22486E04-2. 41023E04*Z
GAS6=( 1. 61810E03-2 .22571E03*Z)*Y
GAS7=(1. 59235E04+7. 53746EO2*Y-3 .53168E03*Z)*Z*Z
GAS8=(-2.15482EO0-5.05115E00*Z-1.48795EO0*Y)*Y*Y
GAS9=EXP (-3. 111EO1-4. 444E00*Y+ 1. 944E01*Z+2 .778E00*Y*Z)
F=GAS1+GAS2+GAS3+GAS4+(GAS5+GAS6+GAS7+GAS8)/(1.0-GAS9)
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GO TO 200
80 IF (Z.GT.i.85E00) GO TO 90

GAS 1=3. 18060E03-Ci.69664F03*Z
GAS27 (4,33382 EGI-K> '146401.02*Z)*Y
GAS3=(4.4l377EO3sf9.41359EOl*Y-9.2'9758E02*Z)*Z*Z
GAS4=(-3.62l901+l1.15538EOl*Z-2.l462lE00*Y)*Y*Y
GAS5=-5 .987?64E03+ 1. 29243E04*Z
GAS6Tz(,-2. 72261E02±-5.42378IE02*Z)*Y
GAS7=(-9.03293EO3-2.ll787E02*Y+2.07831E03*Z)*Z*Z
GAS8=( 2.-74179E01-5 .68578E00*Z+ . 91217E00*Y) *Y*Y
GAS9=EXP(-1.854EOJ+7.11EO0*Y+l.068EOl*Z-5.449E00*Y*Z)
GO TO 190

90 IF (Z.GT.2.OEOO) GO TO 100
GASl=5. 1402 4E04-7. 52733E04*Z

K GAS2=(-3.30889E02+3. 11550E02*Z)*Y
GAS3=( 3. 66539E04-'7. 41227EO1*Y-5 .93015E03*Z)*Z*Z
GAS4=(-4.84164E(1+2.23133E01*Z-9.19118E-0l*Y)*Y*Y
GAS5=-1 . 0898E05±2 .82532EOS*Z
GAS6=( -1. 01053E03+-. 755'/6E02*Z)*Y
GAS7=( -1. 4722 0E05-2 .33 63 1E02*Y+2.55940E04*Z)*Z
GAS8=(3.28631EO0-1.76588E00*Z-1.54962E-01*Y)*Y*Y

C!~9~EP(4 1~4~165731*Y+2.083E01*Z-3.472E01*Z*Y)
GO TO 190

100 IF (Z.GT.2.58E00) GO TO 110
GAS I=5. 1131824E±r04-6. 664875E04*Z
GAS2(2 .02171E03-1 .9306292E03*Z)*Y
GAS3=( 2. 876239.5E444. 3353 467E02*Y-4. 1064609E0,3*Z7) *Z*Z
GAS4=(-8.4970047EOl+1.7925919E01*Z-6.2576542E00*Y)*Y*Y
GAS5=-6.2768156EO4+8. 6015875E04*Z
GAS6=(-l .0002036E03±6. 2537280E02*Z)*Y
GAS7=(-3.957827EO4-3.8467377E01*Y+6.12953E03*Z)*Z*Z
GAS8=( -1. 0591702E02+7. 636142E01*Z+5 .938859E00*Y)*Y*Y
GAS9=EXP( -3. 9O0O",02. 43.8F01*Y+1 .374E00*Z-1. 145E01*Y*Z)
GO TO 190

110 IF (Z.GT.2.73EU0) GO TO 120
GASl11.0088046E06-1. 08632 1E06*Z
GAS2=( i.3844801EO4-9.7268516E03*Z)*-.
GAS3=( 3. 8985325E05±1 . 791665E03*Y-4. 6621066E04*Z)*Z*Z
GAS4=(1.4840726E02-5.2645004EOl*Z-1.5477133E-01*Y)*Y*Y
GAS5=-1.07335)lE06 1. 14571E06*Z
GAS6=( - . 9343957E04+1 .33662 11E04*Z)*Y
GAS"7=(-4. 0670987E05-2. 2955 198E03*Y+4. 7999871E04*Z)*Z*Z
GASB=( -4. 1016724E02±1. 4994148E02kZ-1 .9779787E00*Y)*Y*Y
GAS9=EXP( -1. 026E02 !-6. 302E01*Y+3 .819E01*Z-2 .431E01*Y*Z)
GO TO 190

120 GASI -9. 6638500E04+ 1. 3206488E04*Z
GAS2--(-4. 74c81(J5E04+2 .3596875E04*Z)*Y
GAS3=( 1. 8602773E04-2 . 36802E03*Y-4. 0413552E03*Z)*Z*Z
GAS4=( -5. 3564258E03±2 .2433904E03*Z+2. 5188145E02*Y)*Y*Y
GAS5=1 .0962581EO ')2 . 990116E04*Z
GAS6=(4. 7883496E04-2. 3785383E04*Z)*Y
GAS7=(-1. 1753969EO4+42.2905522EO3*Y+3.l304399EO3*Z)*Z*Z
GA58!z( 5. 473418E03-2 .3208018E03*Z-2 .6570068E02*Y)*Y*Y
GAS9=EXP(-3.107E014f1.082E01*Y+1.047E01*Z-3.O47E00*Y*Z)
F=-GASI+G'AS2+GAS3>GCAS4+(GAS5+GAS6+GAS7+GAS8)/(1.0-GAS9)
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GO TO 200
130 IF (Z.GT.1.40E00) GO TO 140

GAS1=-1 .58386E03+3 .49223E03*Z
GAS2=(-8. 39834E02+1 .09565E03*Z)*Y
GAS3=(-2 .56175E03-3 .56197E02*Y+6.25145E02*Z)*Z*Z
GAS4=(-1 .22407E01+7 .65634E00*Z+2. 58235E-O1*Y)*Y*Y
GAS5=1 .58025E03-3 .47664E03*Z
GAS6=(8.39588EO2-1.0949OEO3*Z)*Y
GAS7=(2.54682EO3+3.55674EO2*Y-6. 18504E02*Z)*Z*Z
GAS8=( 1. 20843E01-7. 44857E00*Z-2 .91202E-01*Y)*Y*Y

* GAS9=EXP(-2.171E01-4.342E00*Y+1.316EO1*Z+2.632EO0*Y*Z)
F=GASI+GAS2+GAS3+GAS4+(GAS5+GAS6+GAS7+GAS8)/(1.0-GAS9)
GO TO 200

140 IF (Z.GT.1.91E00) GO TO 150
GAS1=7 .89255E02-1 .91743E03*Z
GAS2=(3 .59227E02-4. 44070E02*Z)*Y
GAS3=(1.39463E03+1.34O83E02*Y-3.13446E02*Z)*Z*Z
GAS4=(1.90681EO1-1.09285E01*Z+4.24933E-O2*Y)*Y*Y
GAS5=-1 .31401E03+3. 13134E03*Z
GAS6=(-5. 18755E02+6.80268E02*Z)*Y
GAS7=(-2 .32493E03-2 .21393E02*Y+5.52563E02*Z)*Z*Z
GAS8=(-3 .32001E01+2. 11819E01*Z-4. 75163E-O1*Y)*Y*Y
GAS9=EXP (-5. 025EO1-8. 412E00*Y+2 .982E01*Z+3.509E00*Y*Z)
GO TO 190

150 TF (Z.GT.2.05E00) GO TO 160
GAS1=3.58691E04-5. 16852E04*Z
GAS2=(-6. 30189E02+6. 633 14E02*Z) *Y
GAS3=(2.47471E04-1 .73538E02*Y-3 .93167E03*Z)*Z*Z
GAS4=( -4. 23871E01+2 . O848E01*Z-1.05512E00*Y) *Y*Y
GAS5=-1. 10522E05+1. 67591E05*Z
GAS6=(4. 61877EO3-4.949303*Z)*Y
GAS7=( -8. 46558E04+1 .32441E03*Y+1 .42438E04*Z)*Z*Z
GAS8=(2.25065EO1-1.10316EO1*Z+9.62887E-01*Y)*Y*Y
GAS9=EXP( -1. 681E02+7 .063E01*Y+8. 75EO1*Z-3. 75E01*Y*Z)
GO TO 190

160 IF (Z.GT.2.57E00) GO TO 170
GAS1=3 .1899562E04-4. 2186664E04*Z
GAS2=(2 .3O55603EO3-1.9897O17EO3*Z)*Y
GAS3=(1.849998E04+4.2561816E02*Y-2. 6808696E03*Z)*Z*Z
GAS4=( -1. 6195114E01+5 .8640623EOO*Z-3 .6172504E00*Y)*Y*Y
GAS5=-5. 7594039E04+7 .932843 7E04*Z
GAS6=(-1.9275989EO3+1.6730544EO3*Z)*Y

* GAS7=(-3.6473008E04-3.6100732EO2*Y+5.597543EO3*Z)*Z*Z
GAS8= (-7. 920808E01+4. 0542084E01*Z42. 1495867E00*Y) *Y*Y
GAS9=EXP( -5. 733E01+2 .088E01*Y+2. 592E01*Z-9 .793E00*Y*Z)
GO TO 190

170 IF (Z.GT.2.75E00) GO TO 180
GAS17. 0838087E05-7. 5619919E05*Z
GAS2=(3 .9503091E03-2 .7381802E03*Z)*Y
GAS3=(2.6888181E05+4.7728687EO2*Y-3.1B3816EO4*Z)*Z*Z
GAS4=(-1.2532251E02+4. 7734787EO1*Z-4.0148029EOO*Y)*Y*Y
GAS55-2 .5216325E05+2. 1727769E05*Z
GAS6=(9 .2882383E03-7. 780918E03*Z)*Y
GAS7=(-5.6539297EO4+1.6120212EO3*Y+3.9419248EO3*Z)*Z*Z
GAS8=(1.8537296E02-7. 1010757E01*Z+1.1307096E00*Y)*Y*Y
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GAS9=EXP(.-l.786EO2+2.18E-Ol*Y+6.7l4EO1*Z-4.739E-01*Y*Z)
GO TO 190

180 GAS 1<3. 185503 7E05-3 .3041156E05*Z
GAS2 (2. 2983352E04- . 6623461E04*Z)*Y
GAS3=( 1. 13848E05+3 . O98223E03*Y-l 3020133E04*Z)*Z*Z
GAS4=(-l .8599039E02+6. 984O683EOl*Z-7. 7371645E00*Y)*Y*Y
F=.GASl fGAS24GAS34GAS4
GO TO 200

190 F=GAS1+GAS2+CAS3+GAS4+(GAS5+GAS6+GAS7+GAS8)/(l.O+GAS9)
200 ZK=1.8791.5E-02*F

RETURN
END
FUNCTION FAMW(R,T)
COMMON /INPL/ X1(9) ,Y1(9) ,F1(9,9),X2(9),Y2(9),F2(9,9),

>X3 (9) ,Y3 (9), F3 (9,9) ,X4(9) ,Y4(9) ,F4(9, 9),
>X5(9) ,YS(9) ,F5(9,9) ,X6(9) ,Y6(9) ,F6(9,9),
>X'7(9) ,Y7(9) ,F7(9, 9)

IF(R.LT.XIL(') ) 11=1
IF(R.GT.X1(9)) 11=8
DO 1 I=1,8
IF(R.GE.X1( I) .AND.R.LE.X1( 1+1)) THEN

II=I
GO TO 2

ELSE
END IF

1 CONTINUL
2 CONTINUE

IF(II.EQ.0) THEN
WRITE (6,500) R,X1(1),X1(9)

500 FORMVAT(//2X,'R IS OUT OF BOUNDARIES, CALLED FROM FAMW'/
>2X,,'R=' ,E12.5,2X,'X1(1)=',E12.5,2X,)X1(9)=',E12.5)
STOP

ELSE
END I F
IF(T.LT.Yl(1)) jJ=1
IF(T.GT.Y1(8)) JJ=8
DO 3 J=1,8
IF(T.GE.Y1(J) .AND.T.LE.Y1(J+1)) THEN

Jj = J
GO TO 4

ELSE
END IF

3 CONTINUE
4 CONTINUE

IF(JJ.EQ.0) THEN
WRITE (6,501) T,Y1(1),Y1(9)

501 FORMAT(//2X,'T IS OUT OF BOUNDARIES, CALLED FROM FAMW'/
2X, T' ,E12.5,2X,'Y1(1)=&,E12.5,2X,'Y1(9)=',E12.5)
STOP

ELSE
END IF
11 I
J =.J J
IF( TI.EQ.0) 1=11+1
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IF(.JJ.EQ.O) JzzJJ+1
IF(JJ.EQ.8) J=JJ-l
AMWl=F1(I, J)
>+(Fl(I+l,j)-Fl(I,J) )/(XI(I+l)-Xl(I) )*(R..Xl(I))

AMW2=Fl (I ,Ji1)

AMW=AMWl+(AMW2-AMWl)/(Yl(J~l)-Y1(J) )*(T-Yl(J))
FAMW=AMW
RETURN
END
FUNCTION FE(R,T)
COMMON /INPL/ Xl(9),Y1(9) ,F1(9,9) ,X2(9),Y2(9) ,F2(9,9),

>X3 (9) ,Y3 (9), F3(9, 9), X4(9),/Y4(9) ,F4(9, 9),
>X5(9) ,Y5(9) ,F5(9,9) ,X6(9) ,Y6(9) ,F6(9, 9),
> X7(9) ,Y7(9) ,F7(9,9)

IF(R.LT.X4(1)) I1=0
IF(R.GT.X4(9)) 11=8
DO 1 I=1,8
IF(R.GE.X4(I) .AND.R.LE.X4(I'-)) THEN

II =I
GO TO 2

END IF
1 CONTINUE
2 CONTINUE

IF(II.EQ.O) THEN
WRITE (6,500) R,X4(1),X4(9)

500 FORMAT(//2X,'R IS OUT OF BOUNDARIES, CALLED FROM FE'/
>2X,'R=',Fl? 5,2X,'X4(l)=',E12.5,2X,'X4(9)=',E12.5)
STOP

ELSE
END IF
IF(T.LT.Y4(1)) JJ=O
IF(T.GT.Y4(9)) JJ=8
DO 3 J=1,8
IF(T.GE.Y4(J) .AND.T.LE.Y4(J+1)) THEN
JJ=J
GO TO 4

ELSE
END IF

3 CONTINUE
4 CONTINUE

IF(JJ.EQ.O) THEN
WRITE (6,501) T,Y4(1),Y4(9)

501 FORMAT(//2X,'T IS OUT OF BOUNDARIES, CALLED FROM FE'/
>2X,'T=',E12.5,2X,'Y4(l)=',E12.5,2X,'Y4(9)=&,E12.5)
STOP

ELSE
END IF
I=I I
J=JJ
IF(II.EQ.O) 1=11+1
IF(II.EQ.8) I=Il-l
IF(,JJ.EQ.O) J=JJ+l
IF(JJ.EQ.8) J=JJ-1
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E1=F4( I, J)

lF(E1 .LT.F4(l..J)) E1=F4(l,J)
IF(El.GT.F4(9,J)) El=F4(9,J)
E2=F4( I, J+l)
*+(F4(I+l,J+l)-F4(I,J+1) )/(X4(I+l)-X4(I) )*(R-.X4(I))

IF(E2.LT.F4(l,J+l)) E2=F4(l,J+l)
IF(E2.GT.F4(9,J+l)) E2=F4(9,J+l)

IF(E.LT.F4(I, 1)) E=F4(I, 1)
IF(E.GT. F4( 1,9)) E=F4( 1,9)
FE=E
RETURN
END
FUNCTION FT(R,E)
COMMON /INPL/ Xl(9) ,Yl(9) ,Fl(9,9) ,X2(9) ,Y2(9),F2(9,9),

>X3 (9) ,Y3 (9), F3(9, 9) ,X4(9) ,Y4(9) ,F4(9, 9),
X5(9) ,Y5(9) ,F5(9,9) ,X6(9) ,Y6(9) ,F6(9, 9),

>X7(9) ,Y7(9) ,F7(9, 9)

IF(R.LT.X5(l)) 11=0
IF(R.GT.X5(9)) 11=8
DO 1 1=1,8
IF(R.GE.X5(I) .AND.R.LE.XS(I+l)) THEN

II1=1
GO TO 2

ELSE
END IF

1 CONTINUE
2 CONTINUE

TF(II.EQ.O) THEN
WRITE (6,500) R,X5(1),X5(9)

500 FORMAT(//2X,'R IS OUT OF BOUNDARIES, CALLED FROM FT'/
> 2X, tR=' ,E12.5,2X, 'X5(1)=' ,E12.5,2X, 'X5(9)=' ,E12.5)

STOP
ELSE
END IF
IF(E.LT.Y5(1)) JJ=O
IF(E.GT.Y5(9)) JJ=8
DO 3 J=1,8
IF(E.GE.Y5(J) .AND.E.LE.Y5(J-1)) THEN

j j= J

GO TO 4
ELSE
END IF

3 CONTINUE
4 CONTINUE

IF(JJ.EQ.0) THEN
WRITE (6,501) E,Y5(l),Y5(9)

501 FORMAT(//2X,'E IS OUT OF BOUNDARIES, CALLED FROM FT'/
>2X, 'F=',E12.5,2X,'Y5(1)=',E12.5,2X,'Y5(9)=',E12.5)
STOP

ELSE
END IF
1-11I

.J JJ.
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IF( II .EQ.O) 1=11+1
IF( II .EQ.8) 111I-1
IE(JJ3.EQ.O) J=JJ+l
IF(JJ.EQ.8) J=JJ-1
Ti=F5 (I ,J)

T2=F5 (I ,J+l)

T=Tl+ (T2-Tl)/(Y5(J+l)-Y5(J))*(E-Y5(J))
FT=T
RETURN
END
FUNCTION FZMIJ(R,E)
CALL UGAS3(E,R,ZMU)
FZMU=ZMU
RETURN
END
FUNCTION FZK(R,E)
CALL UCAS4(E,R,ZK)
FZK=ZK
RETURN
END
FUNCTION FDMDRT(R,T)
COMMON /INPL/ Xl(9),Yl(9),Fl(9,9),X2(9),Y2(9),F2(9,9),

>X3 (9) ,Y3 (9), F3 (9,9) ,X4(9) ,Y4(9) ,F4(9, 9),
>X5(9) ,Y5(9) ,F5(9,9) ,X6(9) ,Y6(9) ,F6(9,9),
>X7(9) ,Y7(9) ,F7(9, 9)

IF(R.LT.X2(l)) I1=0
IF(R.GT.X2(9)) 11=8
DO 1 I=l,8
IF(R.GE.X2(I) .AND.R.LE.X2(I+l)) THEN

ITII
GO TO 2

ELSE
END IF

1 CONTINUE
2 CONTINUE

IF(II.EQ.0) THEN
WRITE (6,500) R,X2(l),X2(9)

500 FORMAT(//2X,'R IS OUT OF BOUNDARIES, CALLED FROM FDMDRT'/

STOP
* ELSE

END IF
IF(T.LT.Y2(1)) JJ=O
IF(T.GT.Y2(9)) JJ=8
DO 3 J=1,8
IF(T.GE.Y2(J) .AND.T.LE.Y2(J+l)) THEN
JJ=J
GO TO 4

ELSE
END IF

3 CONTINUE
4 CONTINUE

IF(,J,.EQ.0) THEN
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WRITE (6,501) T,Y2(1),Y2(9)
501 FORMAT(//2X,2T IS OUT OF BOUNDARIES, CALLED FROM FDMDRT'/

*2X,'T= lF2.,2X,'Y2()=',E2.5,2X,'Y2(9)=',E2.5)
STOP

ELSE
END I F

IE( II .EQ.O) I=11I+l
IF( II .EQ.8) I=II-1
TF(JJ.EQ.O) J=JJ+1
IF(JJ.EQ.8) J=JJ-1
DMDRT1=F2 (I,/J)

DMDRT2=F2 (TI,J+1)

DMDRT=DMDRT1+(DMDRT2-DMDRT1)/(Y2(J+l)-Y2(J))*(T-Y2(J))
FDMDRT=DMDRT
RETURN
END
FUNCTION FDMDTR(R,T)
COMMVON /INPL/ X1(9) ,Y1(9),Fl(9,9),X2(9),Y2(9),F2(9,9),

X3(9) ,Y3(9) ,F3(9,9) ,X4(9) ,Y4(9) ,F4(9,9),
>X5(9) ,Y5(9) ,F5(9, 9) ,X6(9) ,Y6(9) ,F6(9, 9),

> X7(9) ,Y7(9) ,F7(9,9)
IF(R.LT.X3(l)) II=0
IF(P.GT.X3(9)) 11=8
DO I I=1,8
IF(R.GE.X3(I) .AND.R.LE.X3(I+1)) THEN

II=I
GO TO 2

ELSE
END IF

I CONTINUE
2 CONTINUE

IF(II.EQ.O) THEN
WRITE (6,500) R,X3(l),X3(9)

500 FORMAT(//2X,'R IS OUT OF BOUNDARIES, CALLED FROM FDMDTR'/

STOP
ELSE
END IF
IF(T.LT.Y3(1)) JJ=O
IF(T.GT.Y3(9)) JJ=8
DO 3 J=1,8
IF(T.GE.Y3(J) .AND.T.LE.Y3(J+1)) THEN

J j= J
GO TO 4

ELSE
END IF

3 CONTINUE
4 CONTINUE

IF(JJ.EQ.0) THEN
WRITE (6,501) T,Y3(1),Y3(9)

501 FORMAT(//2X,'T IS OUT OF BOUNDARIES, CALLED FROM FDMD)TR'/
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ELSE
END IF
1=I1

IF(II.EQ2.0) T=II+1
IF( II .EQ.8) I=11-l
IF(JJ.EQ.O) J=:JJ~l
IF(JJ.EQ.8) J=JJ-l
DMDTRI=F3 (I, J)

DMDTR2=F3 (I, J~l)

DMDTR=DMDTP~I+(DMDTR2-DMDTRI)/(Y3(j+1Y-Y3(J))*(T-Y
3 (J))

FDMDTR=DMDTR
P ETIJRN
END
FUNCTION FDTDRE(R, E)

COMM~ON /INPL/ Xl (9) ,Yl (9) ,Fl (9,9), X2 (9) ,Y2 (9) ,F2 (9,9),

X3 (9) ,Y3 (9), F3 (9,9) ,X4(9) ,Y4(9) ,F4(9, 9),

>X5(9) ,Y5(9) ,F5(9,9) ,X6(9) ,Y6(9) ,F6(9,9),

X7(9) ,Y7(9) ,F7(9,9)

IF(R.LT.X6(1)) 11=0
IF(R.GT.X6(9)) 11=8
DO 1 I=1,8
IF(R.GE.X6(I) .AND.R.LE.X6(I+l)) THEN

II =1
GO TO 2

ELSE
END IF

1 CONTINUE
2 CONTINUE

TF(TT.EQ.O) THEN
WRITE (6,500) R,X6(l),X6(9)

500 FORMAT(//2X, 'R IS OUT OF BOUNDARIES, CALLED FROM FDTDRE'/

>2X, 'R=' ,E12.5,2X, 'X6(l)=' ,E12.5,2X, 'X6(9)=',E12.5)

STOP
ELSE
END IF
IF(E.LT.Y6(l)) JJ=O
IF(E.GT.Y6(9)) JJ=8
DO 3 J=1,8
IF(E.GE.Y6(,J) .AND.E.LE.Y6(j+1)) THEN

jjJ= J
GO TO 4

ELSE
END IF

3 CONTINUE
4 CONTINUE

IF(JJ.EQ.0) THEN
WRITE (6,501) E,Y6(1),Y6(9)

501 FORMAT(//2X,'E IS OUT OF BOUNDARIES, CALLED FROM FDTDRE'/
>2X, 'E-',El2.5,2X, 'Y6(1)=' ,El2.5 ,2X, 'Y6(9)=',E12.5)

STOP
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ELSE
END I F
I-TI I

IF(JJT.EQ.O) J=JJ+l
IF(JJ.EQ.8) J=JJ-l
DTDRE1.=F6( 1,J)

DTDREF2=F6( I, J+l)

DTDRE:PDTDRE1+(DTDRE2-DTDREl)/(Y6(J+l)-Y6(J) )*(E-Y6(J))
F DTD RE=DTDRE
RE-,'TUR
END
FUNCTION FDTDER(R, E)
COMMON ,/INPL, Xl(9) ,Y1(9) ,F1(9,9),X2(9),Y2(9),F2(9,9),

X3(9) ,Y3(9) ,F3(9,9),X4(9) ,Y4(9) ,F4(9,9),
N ~X5(9) ,Y5(9) ,F5(9,9) ,X6(9) ,Y6(9) ,F6(9,9),

X7(9) ,Y'7(9) ,F7(9,9)
I F( F.LT.X7 (1)) 11=0
IF(P.GT.X719)) 11=8
DO I1 '18
IF(R.GE.X7(I) .AND.R.LE.X7(1+1)) THIEN

C;() 'T"' 2
ELSE
ENT) IF

1 CONT INT2E
2 C 0,NT I NUTE

IF(II.EQ.O) THEN
WRITE (6,500) R,X7(1),X7(9)

C'00 FORMAT(,//2X,'P. IS OUT OF BOUNDARIES, CALLED FROM FDTDER'/
> ,X, 'R:-z' ,Fl2.5,2X, 'X7(1)=',El2.5,2X, 'X7(9)=',El2.5)
S TO P

END I F
IF( F .LT.Y7(1)) JJ=0
IF(E.0T'I.Y7(9)) JJ=8
Do .3 -1, 8
IF(E.GF.Y7(,J).ANID.E.LE.Y7(J41)) THEN

G(, TO 4

END I F
3 CONT I flUE
4 CO-'NTITNUE

IF(J.J.EQ.O) THEN
WRITE (6,501) E,Y7(1),Y7(9)

501 F'ORMAT(//2X,'E IS OUT OF BOUNDARIES, CALLED FROM FDTDER'/
2X, E=' ,E 12.5,2X,'Y7(l)=',E12.5 2Y,'Y7(9)=',E12.5)
-TOP

ELSE
ENI) I F,
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IF( II .EQ.8) IP1II1l
IF(,jTEQ.0) J=JJ+l
IF(JJ.EQ.8) JThJJ-l
DTDERI.=F7 (I ,J)

DTDER2=F7 (I, J+l)

DTDER=DTDER1±(DTDER2-DTDERl)/(Y7(j+l)-Y7(J) )*(E-.Y7(J))
FDTDER=DTDER
RETURN
END
FUNCTION FDMUDRE(R, E)
DR=O. 0l*R
CALL UGAS3(E,R-DR/2. ,ZMU1)
CALL UGAS3 (E, R+DR/2. ,ZMU2)
DMUDRE=( ZMU2-ZMUl )/DR
FDMUDRE=DMUDRE
RETURN
END
FUNCTION EDMUDER(R, E)
DE=O. 0l*E
CALL UGAS3(E-DE/2.,R,ZMUl)
CALL, UGAS3(E+DE/2. ,R,ZMU2)
DMIJDER=( ZMU2-ZMUl )/DE
FDMVUDER=DMUDER
RETURN
END
FUNCTION FDKDRE(R,E)
DP=0. Ol*R
CALL, UGAS4(E,R-DR/2. ,ZKl)
CALL UJGAS4(E,R-DR/2. ,ZK2)
DKDRE ( ZK2-Z'Cl)/DR
FDKDRE=DKDRE
RETURN
END
FUNCTION FDIKDER(R,E)
DE--O. Ol*E
CALL, TGAS4 (E-DE/2. , R,ZIK1)
CALL IJGAS4(E4-DE/2. ,R,Z1K2)
DKDER=(ZK2-Z1Kl)/DE
FDKDER=DIKDER
RE TURN
END
FUNCTION FAR(P, R,T, E,AMW)
DMDRT=FDMDRT (R, T)
DMDTR=FDMDTR (R, T)
DTD)RE=FDTDRE( R, E)
BR=1.-R/AMW*DMDRT
BT=l.-T/AMW*DMDTR
FAR=P/R* BR+P/T*BT*DTDRE
P FTI IN
END
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FUNCTION FAE(P,R,T,E,AMW)
DMDRThFDMDRT (R, T)
DMDTR=FDMDTR (R, T)
DTDER-FDTD]R (R, E)
BR-i. -R,/AMW*DMDRTI
BThl. -qT AMW*-4DMDTR
FAE=P ,'T*BT-'DTDER
RETUR N
END
FUNCTION FCO2 (P R, T,E, AMW)
COMPUTING OF SPEED OF SOUND -C**2

P - PRESSURE
R - DENSITY
T - TEMPERATURE
E - INTERNAL ENERGY
AMW - MOLECULAR WEIGHT
DMDRT=FDMDRT (R, T)
DMDTR=FDMDTR (R, T)
DTDRE=FDTDRE(R, E)
DTDER-FDTDER(R, E)
BR=1. -R/AMW*DMDRT

FCO2=P,/PIBR+P/T*BT*(DTDRE+P/R**2*DTDER)
RETURN
END
SUBPOJT INE SUPPLY

* SERVIC-E SUBROUTINE

PARAMETER (IZ=60, JZ=40)
COMMCON /~IECTOR,/ DQ(IZ,JZ,4),Q(IZ,JZ,4),F(IZ,JZ,4),

C(I2 *JZ,4), P(IZ,JZ),T(IZ,JZ),E(IZ,JZ),AMW(IZ,JZ),
U(IZ,JZ) ,V(IZ,JZ),UN(IZ,JZ),VN(IZ,JZ),

> ZMU(JZ),ZMUT(JZ),ZK(JZ)
COMMON 1/COORD/ SAIX(IZ,JZ),SAIY(IZ,JZ),ETAX(IZ,JZ),

ETAY( IZ,,JZ),RJ( IZ,JZ),X(IZ,JZ),Y(IZ,JZ),
> DELTAU(IZ,JZ) ,A1( IZ,JZ),A2(IZ,JZ),A3(IZ,JZ),

A4( 2, JZ)
COMMON /'CO0NS/ EXT ,EYI ,THETA,CFL,CFL1,OMEGAX,OMEGAY,AIN,AEX,
> L, RG ,AMWO ,GAMMAO ,REN, PRN, PRNT, TREF, ZMUO ,OMEGA,

P0,qTO, TWALL ,PB, SUM (4)
COMMnN /INTFEG/ IL,JL, 1L1,JLI,NBEG,NEND,NADV,NORD, ITIME,

IVISC,IWALL,IWRT
DIMENSION RHO(IZ,JZ),RHOU(IZ,JZ),RHOV(IZ,JZ),EO(IZ,JZ)
EQUIVALENCE (Q( 1,1,1), RHO( 1,1)), (Q( 1,1,2), RHOU( 1,1)),

>(Q(l, 1,3) ,RHOV(l, 1)), (Q(l, 1,4) ,EO(l,1) )
DIMENSION SS(4),A(4,4)

ENTRY CHECK

DO 10 K=1,4
10S().

DO 20 T=2,iL,
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DO 20 J7=2,JL
DO 20 Kr:1,4
Q9=Q( IJK)
IF(K.EQ.3) QQ=Q(I,J,2)
IF(QQ.EQ.0.0) GO TO 20
SS(K)-SS(K)+(DQ(I,J,K)*RJ( I,J)/Y(I,J)/QQ)**2

20 CONTINUE
DO 30 K=1,4

30 SS(K)=SQRT(SS(K))/(IL*JL)
WRITE (6,500) NADV,(SS(TK),K=1,4)

500 FORMAT(2X,'NADV=',I4,4X,'SS(1)=',lX,E12.7,
I ~2X,'SS(2)=',lX,E12.7,2X,'SS(3)&',lX,E12.7,

WRITE (10,501) NADV,(SS(K),K=l,4)
501 FORMAT(15,3X,4(1.X,E14.7))

RETURN

ENTRY MASS

PI=ACOS( -1.0)
I -l
FLRT=O.
DO 41 J=1,JLI

CXC=SQRT(SIXJ1(I)**2+SAIYJ*)Y(,)*2
CXCYI=SQRT(SAIX(I,J+)**2+SAIY(I,J)**2)

FLRT=FLRT+0.5*PI*(Y(I,J)+Y(I,J+1))*DR*
> (RHO( I,J)*UN(I,J)/CXCY1+RHO(I,J+1)*UN(I,J+1)/CXCY2)

41 CONTINUE
WRITE (6,502) I,FLRT
WRITE (4,503) I,FLRT
DO 40 T=l,IL1
FLRT=O.
DO 50 J=1,JL1
DR1=SQRT( (X( I, j4 )-X( I,J) )**2+ (Y( I, J+1) -Y( I,J))*2

DRO-. 5*(DR1+DR2)

* ST ORDER

CXYISR(AXIJ)**AYIJ*2

CXCY11=SQRT(SAIX(1I,J)**2+SAIY(IJ)* *
CXCYl2=SQR(CX(I1+C1)*+AYI1J*
CXCYl1=.5*(CAXCY11+CY12 SI(,J1*
CXCY21=SQRT(SAIX(I,J+1)**2+SAIY(IJ+l)*+*2)
CXCY2=SQR(SX(1+lY2)**+AYI1J1*
CXCY2I=0.5* (CXCY21+CXCY22) /XCY

RHO~li . * RHO(1 , J)*UN( I J)/CXCY1 )

RHO1JN2=0.5*(RHO(I,J+1)*UN(I,J+1)/CXCY21
> +RHO(I4+1,J+1)*UN(1+1,J+1)/CXCY22)

IF(I.EQ. ILl) GO TO 59
CALL JCBABPM(1,1, l,A, I,J)
AQl=O.
DO 51 JJl,4
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CALE, JCBABPM( 1,1,1l,A, I, J+l)
AQ2=O.
DO 52 JJ=l,4

52 AQ2=AQ2 A(l,jj)*(Q(I4l1,J+l,JJ)-(Q(I,J+I,jj))
RHC)UNliRHOJNl-O. 5*AQl/CXCYl
RHOUN2=RHOUNJ2-0. 5*AQ2/CXCY2
CALL JCBABPM(l,2,l,A, I,J)
AQlIO.
DO 53 JJ=l,4

CALL JCBABPM( 1,2,1, A,I, Jsl)
AQ2=O.
DO 54 J~j=1,4

54 AQ2m'Q2+A(1,JJ)*(Q(I+1,J+1,JJ)-Q(I,J+1,JJ))
RHOUN1-RHOU1+O. 5*AQ1/CXCY1
RHOUN2=RHOUN2+O. 5*AQ2/CXCY2

* 2ND ORDER

IF( I. GT.I1.AND. I. LT. ILl) THEN
CXCY11=SQRT(SAIX(I-1,J)**2+SAIY(I-l,J)**2)
CXCY12=SQRT(SAIX(I,J)**2+SAIY(I,J)**2)
CXCY1=O.5*'(CXCY11+CXCY12)
CXCY21=SQRT(SAIX(I-1,J+1)**2+SAIY(I-l,j+1)**2)
CXCY 2mcQRT(SAIX(I,J+1)**2+SAIY(I,J+1)**2)
CXCY2=O. 5- (CXCY21-4CXCY22)
CALL JCBABPM(1,1,1,A,I-1,J)
A01=0.
D" 55 Jlhl,4

CALL JCBABPMV(1,1,1,A,I-1,J-1)
A02=0.
F)(- 56 JJ=1,4

56 AQ,2-AQ2+A(1,JJ)*(Q(I,J+1,JJ)-Q(I-1,J+1,JJ))
RHOUN1=RH0UN1+O. 5*AQ1/CXCY1
RHOUN2=RHOUN2+O 5*AQ2/CXCY2
CXCY11=SQRT(SAIX(I+1,.I)**2+SAIY(I+l,J)**2)
CXCY12=SQRT(SAIX(I+2,J)**2+SAIY(I+2,J)**2)
CXCY 0. 5*(CXCY11+CXCY12)
CXCY21=SQRT(SAIX(I+1,J+1)**2+SAIY(I+1,J+1)**2)
CXCY22=SQRT(SAIX(I+2,J+1)**2+SAIY(I+2,j+1)**2)
CXCY2=O. 5*(CXCY21+CXCY22)
CALL, JCBABPM(1,2,1,A,I-l,J)
AQ1=O.
DO 57 JJ=1,4

57 AQ1=AQ1+A(1,JJ)*(Q(I+2,J,JJ)-Q(I+1,J,JJ))
CALL JCBABPM( 1,2, l,A, I41,Ji-l)
AQ2--O-.
DO 58 JJ=1,4

58 AQ2=AQ2+A(1,3J)*(Q(I+2,J+1,JJ)-Q(I+l,J+1,JJ) )
RHOUN1=RHOUN1-0. 5*AQl/CXCYl
RH0UM2=RH0UN2-0. 5*AQ2/CXCY2

END IF
59 CONTINUE
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FLRT=FLRTt-0.5*PI*(Yi+Y2)*DR*(RHOUNi+RHOUN2)
50 CONTINUE

I I*I+l
WRITE (6,502) II,FLRT

502 FOPMAT(iX,'I=',I4,2X,'FLRT=',El4.7)
WRITE (4,503) II,FLRT

503 FORMAT(iX,18,Ei4.7)
40 CONTINUE

RETURN

ENTRY OUTPUT

IF(IWRT.EQ.0) GO TO 60
WRITE (6.504) NEND

504 FORMAT(//4X, 'NEND=' ,I5//)
DO 70 11I,IL
WRITE (6,505) 1

505 FORMAT(//2X,2HI=,T2,4X,iHX,iiX,IHY,llX,lHU,ilX,iHV,ilX,
>iHP, liX, HR, liX, HT,liX, iHE,liX, lHS,liX, lHM/)

DO 70 J=i,JL
RA=RHO( I, J)
UA=RHOU( I, J)/RHO( I,J)
VA=RHOV( I,J)/RHO( I, J)
EOA=E0 (I ,J)

EA=EOA/RA-O. 5* (UA**2+VA**2)
TA=FT(RA, EA)
AMVWA=FAMW( PA, TA)
PA=RA* (RG/AMWA) *TA
GAMMAl . +(RG/AMWA)/(EA/TA)

SA=ALOG (PA )/GAMMA-ALOG (RA)
CO-=SQRT(FC02(PA,RA,TA,EA,AMWA))
AMACFI=SQRT(UA**2+VA**2 ?)/CO
WRITE (6,506) J, X(I, J) ,Y( I,J) ,UA, VA,PA, RA,TA,EOA, SA,AMACH

506 FORMAT(2X,2H1J=,I2,l0(lX,Ell.4))
70 CONTINUE
60 CONTINUE

* WRITING COMPUTED DATA ON TAPE

WRITE (8) ((DELTAU( I, J), 1=1, IL), J1,JL)
WRITE (8) ((RHO(I,J),RHOU(I,J),RHOV(I,J),EO(I,J),
> I=1,IL),J=i,JL)

RETUR N
END
SUBROUTINE EEL(J,MM,JMAX,E,EL,AM,BM,CM,DM, IN,AL,BE)

* LIBRARY SUBROUTINES

DIMENSION IN(MM),E(MM,MM,JMAx),EL(MM,JMAX)
DIMENSION AM(rvMh,MM),BM(MM,MM),CM(MM,MM),DM(MM)
DIMENSION AL.(MM,MM),BE(MM)
DO 1 M=1,MM
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TP=0. 00
DO 2 N=]l,MM
T1=0. 00
IF(J.EQ.l) GO TO 3
TF=TPf AM(M,N)*EL(N, J-l)
DO 4 1@l,MM
Tl=Tl+AM(M, K)*E(K,N, J-l)

4 CONTINUE
3 CONTINUE
AL(M,N)=BM(M,N)-Tl

2 CONTINUE
EL,(M, J)=DM(M) +TP

1 CONTINUE
DO 5 M=l,MM
DO 6 N=1,MM
E(M, N, J)=CM(M, N)

6 CONTINUE
5 CONTINUE

CALL AXB(MM, MN,AL, E( 1,1, J) ,BE,0, IN)
CALL AXB(MM, l,AL,EL(1,J) ,BE, l,IN)
RETURN
END
SUBROUTINE SOLU(W,JMAX,MM,E,EL)

* lIBRARY SUBROUTINES

DIMENSION W(MM,JMAX),E(MN,MM,JMAX),EL(MM,JMAX)
DO 1 M=l,MM
W(N, JMAX)=EL(M, JMAX)

1 CONTINUE
DO 2 Jl=2,JMAX
J=JMAX± 1-Ji
DO 3 M=l,MM
SUM=0. 00
DO 4 1~,MM
SUM=SUM+E(N, K, J)*W(K, J+1)

4 CONTINUE
W(M,1)=SUM+EL(M,J)

3 CONTINUE
2 CONTINUE

RETURN
END
SUBROUTINE AXB(N,M,A,B,X,INIT,IPS)

* LIBRARY SUBROUTINES

DIMENSION A(N,N),B(N,M),IPS(N),X(N)
IF(INIT.EQ.0) CALL DECOMP(N,A,IPS)
DO 1 I=l,M
CALL SOLV(N,A,B(1,I),X,IPS)

1 CONT INUE
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RETURN
END
SUBROUTINE DECOMP(N,UL, IPS)

* LIBRARY SUBROUTINES

DIMENSION UL(N,N),IPS(N)
DO I1=I1,N
IPS(I)=i

I CONTINUE

DO 2 K=1,NMl
BIG=0. 00
DO 3 I=K,N
I p-I ps( I)
SIZE=ABS(UL( IP,K))
IF(SIZE-BIG) 3,3,4

4 BIG=SIZE
IDXPIVz I

3 CONTINUE
IF(IDXPIV-K) 5,6,5

5 J=IPS(K)
IFS(K)-LIPS( IDXPIV)
IPS( IDXPIV)--J

6 KP=IPS(1K)
PIVOT=UL(KP, K)
KPIK+l
DO 7 I-KPl,tl
IP=IPS( I)
EM---UL( IP, K)/,IV.oT
UL( IP,K)=-EM
DO 7 J=KP1,N
UL( IP,J)=UL( IP,J)4+EM*UL(KP,J)

7 CONTINUE
2 CONTINUE

RETUJRN
END
SUBROUTINE SOLV(N,UL,B,X,IPS)

S IBRARY SUBROUTINES

NP1=N+1
IP=IPS( 1)
X(l)=B( IP)
DO 1 1=2,N
IP=IPS( I)
Im11I-1
STJM=O.00
DO 2 3=1,IM1
SIJM=STJM+UJL( IP, J)*X(J)
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2 CONTINUE
X(I)=B(IP)-SUM

1 CONTINUE
IP=IPS(N)
B(N)=X(N)/UL(IP,N)

DO 3 IBACK=2,N
I=NPI-IBACK
IP=IPS(I)
IPI=I+I
SUM=O.00
DO 4 J=IPI,N
SUMrSUM+UL(IP,J)*B(J)

4 CONTINUE
B(I)=(X(I)-SUM)/UL(IP,I)

3 CONTINUE
RETURN
END
SUBROUTINE SZERO(M,A)

* LIBRARY SUBROUTINES

****** ***************************************AWW k*****WWW***WW

SET ZERO FOR MATRIC (M,M)
DIMENSION A(M,M)
DO I I=l,M
DO 1 J=l,M
A(I,J)=O.00

I CONTINUE
RETURN
END
SUBROUTINE SMM(M,C,A,B)

* LIBRARY SUBROUTINES

****** ** *** **** ************ *** **********************************

SCALAR*METRIC (M,M)
DIMENSION A(M,M),B(M,M)
DO 1 I=I,M
DO 1 J=l,M
B(I,J)=C*A(I,J)

1 CONTINUE
RETURN
END
SUBROUTINE MMM(M,A,B,C)

* LIBRARY SUBROUTINES

****** **** ******************************************************

METRIX*METRIX (M*M)
DIMENSION A(M,M),B(M,M),C(MM)
DO 1 I=1,M
DO I J=l,M
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C( T,J)=O.OO

1.75


